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1.0 OVERALL MISSION ASSURANCE REQUIREMENTS

1.1 DESCRIPTION OF OVERALL REQUIREMENTS

The Systems Safety and Mission Assurance Program is applicable to LDCM instrument(s), (i.e.,
the Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS)) and their associated
developers. References made herein to the instrument Statement of Work (SOW) and Contract
Data Requirements List (CDRL) refer respectively to the OLI and TIRS SOW and CDRL.

The developer is required to plan and implement an organized Systems Safety WISSIOH
Assurance Program that encompasses: &

* All flight hardware, either designed/built/provided by the develgger Gt
GSFC, from project initiation through launch and mission opeggtions.
kS

vvvvvvv

* The ground system ( e.g. test equipment, simulators, etc&% interfaces wit 1ght
equipment to the extent necessary to assure the 1ntegg§ andssafety of flightitems..
<& »%vx
 All software critical for mission success. f;fv.@j‘,%%« &’v‘y

Managers of the assurance activities shall have direct access t&g per management
independent of project management, with the functional freedo G uthorlty to interact with
all other elements of the project. Issues requ oject management attention shall be
addressed with the developer(s) through the %%%m%ﬂgfand/ or Contracting Officer
Technical Representative(s) (COTR). ’3

‘G

/

12 SURVEILLANCE OF THE DEVEL 65t R

o
The work activities, operatlo documenta ‘performed by the developer and/or his
suppliers are subject to eva&ﬁatl eview, audjf; and inspection by government-designated
representatives from G the gg&@%‘fnspectlon Agency (GIA), or an independent
assurance contractor (ARG ‘detegate in-plant responsibilities and authority via a letter
of delegation, or the GSFC g’act Wlth the IAC.

The develop%m '>plier?%ﬁ grant access for NASA and/or NASA representatives to
conduct agsZissessmentgigrvey upon notice. Resources shall be provided to assist with the
assessméﬁt/ survey withggiinimal disruption to work activities. The developer, upon request, shall
provi vemment as(@iﬂance representatives with documents, records, and equipment required
to perforgttheir assurgtice and safety activities. The developer shall also provide the government

assurance enﬁa‘ﬁve(s) with an acceptable work area within developer facilities.
g

vvvvvv

1.3 CON&ACT DELIVERY REQUIREMENTS LIST

The instrument Contract Delivery Requirements List (CDRL) identifies DRDs describing data
deliverable to the GSFC Project Office. A complete list of CDRLs and associated DRDs may be
found in the instrument CDRL.
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2.0 QUALITY MANAGEMENT SYSTEM

2.1 GENERAL

The developer shall have a quality management system (QMS) that is compliant with the
minimum requirements of American National Standards Institute (ANSI)/International
Organization for Standardization (ISO)/American Society for Quality (ASQ) Q9001-2000. The

developer’s Quality Manual shall be provided in accordance with CDRL SAWeveloper
shall supplement their Q9001 Quality Manual with an LDCM instrument sp tic Systems
Assurance Plan (CDRL SA-1) that defines on a chapter-by- chapter/sectlo ssection basis

(referenced to the chapters of this document) how the developer will g’t ea@%%&rement of

this document. Every “shall” statement in this document is a requlre E

vvvvvvv

2.2 SUPPLEMENTAL QUALITY MANAGEMENT S EM REQUIRE NTS

Aé?
As mentioned previously, some assurance related activitiggare not x@%ered by ISO requirements.
These activities are identified in the following sections dfidgbuld’Supplement the

ANSI/ISO/ASQ Q9001 requirements. :

2.2.1 Control of Nonconforming Product

and test as applicable to verify adequacy of theﬁi‘caﬁectlve éction 1mplemented The system shall
include a nonconformance review process, Whls‘%yshall consist of a preliminary review and a
Material ReV1eW Board (MRB)..Ehe Governme%%p{;qect Safety and Mission Assurance (SMA)

=-+3?§§:*‘ RB activity; *lating to flight hardware or ground support

equipment (GSE) that mt@i‘faces h flight hardware.
P e
(S,

2.2.2 Preliminaty . o

e
The preliminary rgyi procéiﬁ ‘be initiated with the identification and documentation of a
nonconformggﬁi% ;mnary view shall be the initial step performed by developer-

o

appointe <ﬁersonnel togetermifie if the nonconformance is minor and can readily be processed
usn:g&tlsié following dls%ition actions:
“a. “Sgrapped, becd&ise the product is not usable for the intended purposes and cannot be
aeRically Freworked or repaired.
e

vvvvvv

drawmg requlrements
c. Returned to supplier, for rework, repair or replacement.

d. Repaired using a standard repair process previously approved by the MRB and /or
government Quality Assurance (QA) organization.

e. Referred to MRB when the above actions do not apply to the nonconformance.

2-2



Note: Preliminary review does not negate the requirement to identify, segregate, document, and
report and disposition nonconformances.

2.2.3 Material Review Board

Nonconformances not dispositioned by preliminary review, normally critical and major
nonconformances, shall be referred to the MRB for disposition. MRB dispositions shall include
scrap, rework, return to supplier, repair by standard or non-standard repair procedures, use-as-is,
or request for major waiver. The MRB shall consist of a core team including QA /supplemented
with other d1sc1p11nes brought in as necessary. It shall be chalred by a developgﬁ‘%epresentatlve

The MRB shall consist of the appropriate functional and project repr
to ensure timely determination, implementation and close-out of gisgmmended M%?(éﬁ'lsposmon.
Safety and quality assurance personnel shall review all MRBs

At developer/supplier facilities, NASA/Government reprg@ia,tatwe 1l participate in MRB
activities as deemed appropriate by Government managema g Eontract, otherwise, the MRB

e

chairperson shall advise the Government of the MRB actions aggiecommendations. NASA will

exercise the prerogative to review and approve all “use-as-is,” stagidrd and non-standard repair
dispositions before they are initiated. ‘ A }?

R e, P
The MRB process shall investigate, in a timel@ man forming item(s) in sufficient
depth to determine proper dlsposmon For eacl reB@‘i‘"ted ngticonformance, there shall be an

investigation and engineering analysis sufficienii#d determine cause and corrective actions for the
nonconformance. Written authorization shall b%)rowded to disposition the nonconformances.

2.2.4 Reporting of Fa&lﬁ%%% %3{‘

v

Reporting of failures s&ﬁ}aegl WWWG life cycle as possible. Reporting shall begin by

the first power applfaho%%ge start of end item acceptance testing or the first operation of a
mechanical item. It shall cortztise through formal acceptance by the GSFC Project Office.

o ++++
L)

Fail hall COEdAT ith (CDRL SA-2
ailures s aﬁ@@ﬁm in ac b nce with (C SA-2).

4

vvvvv

Boardy < described in a blicable procedure(s) included or referenced in the Quality Manual.

‘225% trol oﬁfﬁlonitoring and Measuring Devices

Testing and Galiiifation laboratories shall be compliant with the requirements of ISO 17025,
“General Req‘uﬁrements for the Competence of Testing and Calibration Laboratories.”

2.2.6 New On-Orbit Design

The developer shall ensure modification of on-orbit flight software shall be in accordance with
original system design specifications and validation processes.



2.2.7 Flow-Down

The developer’s QA and safety programs shall ensure flow-down of requirements to all
suppliers, including a process to verify compliance. Specifically, contract review and purchasing
processes shall indicate the processes for documenting, communicating, and reviewing
requirements with sub-tier suppliers to ensure requirements are met.

Examples include, but are not limited to the following: Technical, Safety, Parts and Materials,
Reliability, Quality Assurance, NASA Advisories, Government Industry Data E&I%ange
Program (GIDEP) (Alerts, Safe-Alerts, Problem Advisories, and Agency Actigﬁﬁ\lo ices).

&
&

& il

S, %%g?’“
P ;
&

‘?ge 1;“4‘

e,

&

4&?‘&# o
L

b, .
by
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3.0
31

SYSTEM SAFETY REQUIREMENTS

GENERAL REQUIREMENTS

The system safety program shall be implemented by instrument developers for flight hardware,
GSE, associated software, and support facilities. The system safety program shall be initiated in
the concept phase of design and continue throughout all phases of the mission. GSFC shall
certify safety compliance in support of the Pre-Shipment Review (PSR), and again at the Mission
Readiness Review (MRR). The system safety program shall accomplish the follcé%s%}srig:

a.

Provide for the early identification and control of hazards to personngffacilities, support
equipment, and the flight system during all stages of project devel@@%@gt including
design, development, fabrication, test, handling, storage, transpgftatiofigiad pre-launch

activities. The program shall address hazards in the flight hardyare, asso“gs\‘gftware

GSE, operations, and support facilities, and shall conformgrthe safety reviggiprocess
requirements of NASA-STD-8719.8, “Expendable Lauﬁéﬁx h Vehicle Payloads Safety

29 é}'
Review Process Standard. & ﬁ&
Meets the system safety requirements of AFSCNT %@Range User Requirements
Manual.” S,

&

- =

Meets the baseline industrial safety requirements of the 1ns%a tion, AFSPC 91-710
applicable Industry Standards to the & ety tical to n;e*et NASA and Office of Safety
and Health Administration (OSHA) d 1g ‘i aperdiional needs, and any special

contractually imposed mission unique & 11%&‘? ons. Fhis should be documented in the
contractor’s Facility Health and Safety ﬁlﬁh

Specific safety requirements m the follow1%g

<&

S

S s &
If a system falluregémay leagkto a catasmphlc hazard, the system shall have three 1nh1b1ts

flight vehicle or groumigfacilify. 2) A condltlon that may cause death or permanently
jor S5 m or facility destruction on the ground, or vehicle during the

a system fail ¢ may lead to a critical hazard, the system shall have two inhibits (single
{ tolerant). & critical hazard is defined as: a condition that may cause severe injury or
Omonalgﬂness or major property damage to facilities, system, or flight hardware.

Haza?gfséwhlch cannot be controlled by failure tolerance (e.g., structures, pressure vessels,
etc.) afe called * ‘Design for Minimum Risk™ areas of design, and have separate detailed
safety requirements that they must meet. Hazard controls related to these areas are
extremely critical and warrant careful attention to the details of verification of
compliance on the part of the developer.
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3.2 SYSTEM SAFETY DELIVERABLES

3.2.1 System Safety Program Plan

The developer shall prepare a System Safety Program Plan (SSPP) (see CDRL SA-3) which
describes in detail, tasks and activities of system safety management and system safety
engineering required to identify, evaluate, eliminate and control hazards or reduce, the associated

risk to a level acceptable throughout the system life cycle. éﬁﬁa’k
rd
The approved plan provides a formal basis of understanding between the iggtiament provider and

GSFC Code 302 on how the System Safety Program will be conducted 6" md&gts ¢ range safety
requirements and spacecraft Integrator safety requirements, includin eneral a cific
provisions. The approved plan shall account for all contractually uired tasks ant
responsibilities on an item-by-item basis, and will address the A@‘es and responsibiliffes of each
organization. The SSPP shall specify the hazard analyses reggiired tdbe performed on flight
hardware, GSE, integration and test (I&T) and pre-launch ;a%"

P

3.2.2_Safety Requirements Compliance Checklist “ g,

vvvvv

2 Ve been submrﬁed and approved by GSFC
;, %ﬁper shall document this in the

Safety compliance shall be

Safety Requirements Compliance Checklist (sy;%: C
granted via GSFC Code 302 Safety Certiﬁcati{%gé;vetter to ‘the Project Manager only after
verification that all applicable safety requiremetifs have been met.

B
3.2.3 Safety Analysis ﬁ% %

e

he folk %ans are typical hazard analysis techniques. The
B gfé”f”éﬁ """"""

S TARKTS to peﬁ‘orm and document a Preliminary Hazard Analysis (PHA) to
1dent1f¥&§ﬁfety critical &f##hs, to pr0V1de an initial assessment of hazards, and to identify requisite

haz%%r}l\trols and foll

Q;ﬁ shall "form and document a PHA in accordance with (CDRL SA-4) to obtain an
initial risk asgegspaent of a concept or system. Based on the best available data, including mishap
data from simifit systems and other lessons learned, hazards associated with the proposed design
or function skall be evaluated for hazard severity, hazard probability, and operational constraint.

Safety provisions and alternatives needed to eliminate hazards or reduce their associated risk to a

level acceptable to Range Safety shall be included.

3.2.3.2 Operations Hazards Analyses

The developer shall prepare an Operations Hazard Analysis (OHA) which describes the
hardware and test equipment operations. The OHA shall be prepared in accordance
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with (CDRL SA-5), demonstrate that the planned I&T activities are compatible with the facility
safety requirements, and that any inherent hazards associated with those activities is mitigated to
an acceptable level. GSFC Code 302 is responsible for reviewing and approving the OHA. GSFC
Code 302 shall also review all Work Order Authorizations (WOAs). Hazardous WOAs
generated during I&T activities require GSFC Code 302 approval. All hazardous operations must
be witnessed by GSFC Code 302.
3.2.3.3 Software Safety ﬁ«*‘*ﬁ’*’
Hazards caused by software shall be identified as a part of the nominal h%%%&nalysis process,
and their controls shall be verified prior to acceptance. Hazard analysis#€cotigfendations
typically require the software developer to demonstrate that adequatesgrihibits ang#gs, controls are
incorporated to eliminate or mitigate hazards to an acceptable levek, Additional indéggsdent
assessment may be required by the Government as dictated by A/}&}é hazard probability“and
severity. Section 5.2.2 describes desired software safety ac%aﬁiies to’ggfet NASA HQ guidelines.
s

i
3.3 SAFETY ASSESSMENT REPORT PN
_ RN . .
The instrument or subsystem developer shall perform and docufsgiit.a comprehensive evaluation

of the mishap risk of their instrument or system. This report is :‘go assist the spacecraft
developer/integrator in preparing the MSPSPfigi:s) lg&n_ittal to the faunch range. This Safety
Assessment Report (SAR) (refer to CDRL S Ax &8szt Wyﬁﬂ safety features of the

hardware, software, and system design, as wef?%as p}gﬁ%e utpd related hazards present in the
s @ &

system. B
hall includ &
It shall include: o
E: | 3

a. Safety criteria an%ﬁéfétho gy used p%'lassify and rank hazards.
e B connnannmdt

yse8atid tests used to identify hazards in the system.

b. Results of haz4ie:
c. Hazard reports docu the results of the safety program efforts.
iR, K
d. Li%gﬁ?’ﬁazar imaterials generated or used in the system.
{:ﬁ? £

e. 4 onclusion Wiﬁg signed statement that all identified hazards have been eliminated or
g"& ntrolled to aggacceptable level.

vvvvv o
b N i

: £ . . .
f. Re '_%ﬁ%r%_dhtwns applicable to hazards at the interface of their system.

vvvvvv

The instrument developer shall establish a “closed loop” process for tracking all hazards to
acceptable closure through the use of a Verification Tracking Log (VTL) (see CDRL SA-9). The
VTL shall be delivered with the final SAR and updated regularly as requested until all items are
closed. Individual VTL items shall be closed with appropriate documentation verifying

3-3



3.5 GROUND OPERATIONS PROCEDURES

The developer shall submit, in accordance with the contract schedule, all ground operations
procedures (see CDRL SA-10) to be used at GSFC facilities, other integration facilities, or the
launch site. All hazardous operations, as well as the procedures to control them, shall be
identified and highlighted. All launch site procedures shall comply with the launch site and
NASA safety regulations. GSFC Code 302 will review and approval all hazardous procedures
before submittal to the launch range.

3.6 SAFETY VARIANCE &éﬁﬁ%

When a specific safety requirement cannot be met, the developer shall su}gﬁ%%p associated
safety variance, per NASA Procedural Requirement (NPR) 8715.3 and £ DRT5 5. 11, which
identifies the hazard and shows the rationale for approval of a Varlané% [y “
definitions apply to the safety variance approval policy: &ég% ”%‘V '

a. Variance: Documented and approved permission to é&Ezt?rform %ine act or operatlon
contrary to established requirements.

& b i
b. Deviation: A documented variance that authorizes %e from a particular safety
requirement that does not strictly apply or where the int ¢ requirement is being
met through alternate means that pr0V1de an equlvalent levéi‘?‘of safety with no additional
risk. The OSHA requirements (1910 28
deviation is alternate or supplemental

requirements.

c. Waiver: A variance that authorizes dep%ure from a specific safety requirement where a

special level of risk has. documenteg,aid accepted.
e

-.-

All requests for variance 5&’111 be agé ompameq,aby documentation as to why the requlrement
cannot be met, what rj inviobidiaaker

duration of the Varlaﬁce ‘mments from any affected employees or their representatlves (f
the variance affects perso g

3.7 SUPB@%%% SAFEF

¢tings (TIMs), and technical reviews, as required The SWG will meet as
Vlew g?gcedures and analyses that contain or examine safety critical functions, or
B ‘C Code 302 to discuss any situations that may arise with respect to overall
project safety ’%‘feetmgs are normally held as a sidebar to other reviews and meetings, to
minimize ext#4 travel. There is no required number of meetings.

3.8 ORBITAL DEBRIS ASSESSMENT

The Instrument developer shall supply to GSFC, the information required to support the Orbital
Debris Assessment consistent with NASA Policy Directive (NPD) 8710.3, “Policy for Limiting
Orbital Debris Generation,” and NASA Safety Standard (NSS) 1740.14, “Guidelines and

Assessment Procedures for Limiting Orbital Debris,” in accordance with the CDRL. Design and
safety activities shall take into account the observatory’s ability to conform to debris generation
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requirements. The Orbital Debris support data shall be prepared in accordance with CDRL SA-
12.

3.9 PRE-MISHAP PLAN DOCUMENT

The Instrument developer shall provide a Pre-Mishap Plan (CDRL SA-25) prior to initiating any
project operations with potential for personnel injury or flight hardware damage. This includes
any GSE loss or damage that could cause a flight delay or be of high value.

égﬁ

rd
The instrument developer shall provide and coordinate manpower require for safety

support of all operations at the launch site. Range safety is not responsipf€ foxtaject safety
support at the launch ranges. Safety support of hazardous I&T operata{@ls perforig
launch site needs to be planned and budgeted for by the project. g&s« h s

3.10 LAUNCH SITE SAFETY SUPPORT

3.11 MISHAP REPORTING AND INVESTIGATIO% %&

All mishaps, incidents, hazards, and close calls shall be # *.,*iu_“: on NASA Form NF1627 or
equivalent form, per NPR 8621.1, “NASA Procedures and Gigigielines for Mishap Reporting,
Investigating, and Recordkeeping.” ‘”'f%%%g

3.12 MISCELLANEOUS SUBMITTALS FOR RANGE USE}

e P
b
The Instrument developer shall provide 1nf0n§;10n'f stheiggCecraft integrator and GSFC as

necessary to support generation of the followi fgﬁgs regdiired by Range Safety.

* Material Selection List for Plastic Fllms%F oams, and Adhesive Tapes —

(http://rtreport.ksc.nasgsga echreports/ “port/msf/ms10.html). The list is published in
GP-1098, KSC Gragitid *:4':-" Safety Plan, Volume I, Safety Requirements, and is
updated quarterlgﬁMaterl %&W‘ﬁted for electrostatic discharge (ESD),

flammability - fﬁﬁ%: na%?%ﬁﬁ hypergols. (Ship-60 day to GSFC)

G
* Radiation forms/ana sz KHB 1860.1 (KSC Ionizing Radiation Protection Program)
and KRR e 5052 .\(KSC' -lonizing Radiation Protection Program) includes forms for
iongZing and ri@gsgoniziwg radiation from Radio Frequency (RF), light, laser, and
A/pﬁ?cfhoactlve soj%g Forms must be completed to provide information on the radiation
K@ ) rce(s) and tlﬁsource user(s). Procedures must also be submitted. (Ship-120 days to

: 2
. PrOC%Mﬁﬁe Questionnaire (PWQ) (Kennedy Space Center [KSC]/Eastern Range
Only) ;%WQ records all the hazardous materials that are brought to the range with the
payload. Specific information on storage, containment, and spill control are required.
(Ship- 60 days to KSC/Eastern Test Range [ETR])
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40 Reliability and Probabilistic Risk Assessment

4.1 GENERAL REQUIREMENTS

The developer shall implement a reliability program applicable to the development of all
software and hardware products and processes.

4.1.1 Reliability Program Plan

The developer shall provide with the proposal a Rehablhty Program Plan ( L SA-7
describing the planned approach and schedule for the project reliability 4 S tiviEis, including the
support and analyses they will provide to the developer of the m1ss101ﬁ§evel Pr%sﬂc Risk
Assessment (PRA). The developer shall identify in the plan the r bitity tasks t(?%é}formed
and how those tasks will be implemented and controlled. The dé¥eloper shall discuss the
scheduling of the reliability tasks relative to project mileston€s. The'developer shall ensure
reliability functions are an integral part of the design and deselopn rocess and the reliability
functions interact effectively with other project d1501phﬁes*%@gﬁng systems engineering,
hardware design, and product assurance. The developer shall dgggribe how reliability
assessments are integrated with the design process and other ass L

e <‘practlces The developer
shall describe how failure definitions and altggnate and degraded r;;fodes of operations that
include credible failure conditions could be 1%1 Ample entmg workarounds. The
developer shall describe the integration of reh\gnhty vanh the probabilistic risk
assessment process. The developer shall ensu syste elements obtained from sub-
developers and suppliers meet project rehablht%féqulrements, and shall ensure all subcontracts
include provisions for review and Valuation ofihe sub-developers’ and suppliers’ reliability
efforts by the prime developgs#it i prlme dev%‘ber’s discretion, and by GSFC at its discretion.
The plan shall be updated?as requ . <’-"¥

mvﬂ@c{:-céé&#
Bttt

vvvvvvvvvvvvvvvvv

Pricnie
4.1.2  Probabilisti¢ Ri’%éé"s"ment

The developer s%ort t'ffév ‘fopment of a Limited Scope Probabilistic Risk Assessment
(PRA) commﬁ:ﬁ%ura vvvvv th a Class B mission as defined in NPR 8705.4, Risk Classification for
NASA Pgﬁfloads and %cord“ance with the requirements of NPR 8705.5, Probabilistic Risk

og¢gdures for NASA Programs and Projects. The developer shall support
%ﬁ)roviding instrument related analyses (PRA inputs) that are integral to

Potential candidates for PRA analyses may come from mission operational working group
meetings, reliability working group (RWG) meetings, safety hazard analyses, instrument and
observatory FMEA, Instrument and Spacecraft Reliability Prediction Analyses, [&T Problem
reports, etc. The instrument developer shall identify and use the appropriate types of analyses
for each scenario modeled, and the modeling tools and techniques to be used (e.g., Master Logic
Diagrams (MLD), Failure Mode and Effects Analysis (FMEA), Fault Tree Analyses (FTA),
Event Tree Analyses (ETA), and/or Event Sequence Diagrams).
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The developer shall use the PRA process to quantify risk and uncertainties associated with
identifying pivotal events or scenarios that may cause a mission-ending failure or human safety
hazardous condition. The developer shall support the implementation of the PRA procedures
across every phase of the instrument life cycle.

The developer shall submit the PRA inputs (CDRL SA-13) to the project office for approval, and
shall present a summary of the PRA inputs at all instrument design reviews, beginning with the
Instrument Preliminary Design Review (IPDR). Presentations shall include design trade-study

results and PRA results impacting design or risk decisions. ﬁ,ﬁ%&
4.1.3 Design Reviews and Readiness Reviews g;

The developer’s activities shall include support of internal and suppliegfesigii:zi ~'ews at the
system, subsystem, and component levels and NASA design and reacfgess reviewii;

shall include an assurance function for compliance of the de51gn tgs&he design crlte\'%iﬁ'eﬁned for
the instrument, subsystems and component levels.

*a

a9
4.1.4 Reliability Working Group Participation "‘ﬁ; I

25

/‘" 2 435"
The developer shall provide technical support to the Project fegitgl
(RWG) meetings and technical reviews, as required. ‘%%k“é

e
The RWG will meet as necessary, and as coWb _Governmerﬁ project personnel, to review
skt reR

reliability requirements and analyses, to assi eSGIIHEre _iﬁﬁlllty issues and concerns, and to
discuss any situations that may arise with resp t togVeralEmission reliability.
& €
4.1.5 Reliability Progress Reporting %&y
25:
The developer shall report oggfﬁ%gress of th%e‘ilablhty effort through monthly status reports
and periodic managemen&ﬁ’f‘eetm <
A&k mq,wc{:-c«ﬁé&#

4.2 RELIABILI;I"?“‘_ Ifgégg S

The developer shall ensure t iability analyses are performed during the design phase so that
T *45-;.; can be ressed and any requlred corrective actlon can be taken in a

timely magsier. The de ;'*-

supporjéﬁgsomated mis$

(et

4(9& %@mlure M s and Effects Analysis, Critical Items List, and Critical Items

The develope all perform a Failure Modes and Effects Analysis (FMEA) early in the design
phase to identify potential instrument failure modes during each phase of the mission, and the
effect of those failures on related systems and the mission. As changes to the design are made,
the developer shall revise the FMEA to reflect the current design. Failure modes shall, at a
minimum, be assessed at the circuit card level, assessing each potential failure mode for the
effect at the level of analysis (circuit level), the next higher level, and the mission level. The
FMEA shall be performed in accordance with CDRL SA-14.

42



Severity categories shall be determined in accordance with Table 4-1:

Table 4-1. Severity Categories

Category Severity Description
1 Catastrophic Failure modes that could result in serious injury, loss of hfe (flight
or ground personnel), or loss of launch vehicle. Qgsasex,v
IR Failure modes of identical or equivalent redundant hardware iteg that could

result in Category 1 effects if all failed.

IN Failure in a safety or hazard monitoring system that could%ause %@em to fail
to detect a hazardous condition or fail to operate durlgggu‘%h conditio Aead
to Category 1 consequences.

p
4

2 Critical Failure modes that could result in losség‘? one or%@gre mission objectives
as defined by the GSFC project office. & &

2R Failure modes of identical or equivalent redundai
result in Category 2 effects if all failed

_.dware items that could
B

L+

3 Significant Failure modes that cagid w: degradatlgeﬁ to mission objectives
4 Minor failure modes that could re%fﬁ& g ant or no loss to mission
objectives.
§§-§
i)

Failure modes resulting in sexﬁ%&tegones 1 %H‘" 1S or 2 shall be analyzed at a greater depth,
to single parts if necessargéﬂ’o idefztity the causg‘a‘ of failure.

%@WCGC

A Critical Items List, Aﬁk deﬁ&%@ﬂf%m those failure modes that could result in serious
injury, loss of life or loss of:Bfnch vehicle whether the result of single point failures or
redundant failures, and shall:'&'atsc fadeSingle point failures that could result in loss of one or more
mission obj eﬁéﬁ% rigf¢al item, retention rationale shall be provided that describes
Justlﬁcatégn ‘for retain¥i#ithe pefential failure in the design. Retention rationale shall consist of
design #atures, test, inggection, heritage and flight history, operatlonal considerations,
wor)&ﬁ%ds etc., thatgeduce the likelihood of the failure occurring and reduce the potential

conseqﬁ&%%%ithe fgtlure occurs.

The developé&gsh&ll develop a Critical Items Control Plan (CDRL SA-15) which identifies the
Critical Items}ilst and the specific controls used to mitigate risks associated with each critical
item. The Critical Items Control Plan shall require specific, traceable, and verifiable procedures
be introduced into the design, manufacturing and test phases of the program to control and
reduce the likelihood that critical items will fail on orbit. The Critical Items Control Plan shall
also provide retention rationale for each critical item that describes justification for retaining the
potential failure in the design.

4-3



Retention rationale shall consist of design features, test, inspection, heritage and flight history,
operational considerations, workarounds, etc., that reduce the likelihood of the failure occurring
and reduce the potential consequences if the failure occurs.

The developer shall present results of the FMEA and CIL at all design reviews, beginning with
the Instrument Preliminary Design Review (IPDR). Presentations shall include design trade-
study results and FMEA results impacting design or risk decisions.

4.2.2 Fault Tree Analysis

s,
The developer shall prepare Fault Tree Analyses (FTAs), in accordance WlthﬁgbRL SA-16, that
address both mission failures and degraded modes of operation as pertaing . 1nstrument

FTA’s shall be performed and integrated as part of the PRA inputs. C
hardware/software failures, external hardware/software failures, and
considered in the analysis. A

&
& &

The developer shall present results of the FTA at all design r¢Viewstbeginning with the

Instrument Preliminary Design Review (IPDR). Presenta;gaﬁ;s shal ¢tude design trade-study

results and FTA results impacting design or risk decisiefs.

4.2.3 Parts Stress Analyses Q%%x

e
The developer shall perform stress analyses %mcal Electrarﬁc and Electromechanical
(EEE) parts and devices, as applied in circuit tgacicom) Sonent for conformance with
EEE-INST-002. The analyses shall be perforﬁ%ed n.’:f"* ce with CDRL SA-22. The
analyses shall be performed at the most stressf@ﬁrt-levef parameter values that can result from
the specified performance and environmental réguirements on the assembly or component. The
analyses shall be performed i %coordinaﬁ %, writh the packaging reviews and shall be
required input data for corrg%;%' vel des1gn views. The analyses shall be documented and
maintained current to tatest d n. Tlggéveloper shall provide the analyses, summary
sheets, and revisions &k @%‘3@ approval. Analyses results shall be presented at all
design reviews begmmng g'PDR Presentations shall include design trade-study results and

Parts Stress Anal results mg tirig design or risk decisions.
s N

4.2.4 Wstféaﬁ%alvseé“

rm worst-case analyses in accordance with CDRL SA-23 for mission or
rs that are subject to variations that could degrade instrument

vvvvv worthiness of the design. Analyses or test or both shall demonstrate adequacy
& design of electronic circuits, optics, electromechanical and mechanical items
(mechanisms). The analyses shall consider all parameters set at worst-case limits due to
manufacturing variability and worst-case environmental (including radiation) and aging stresses
for the parameter or operation being evaluated. The analyses shall be updated in keeping with
design changes. The developer shall provide the analyses, summary sheets, and revisions to the
Project Office for approval. The analyses and updates shall be presented at all design reviews
beginning with PDR. Presentations shall include design trade-study results and Worst Case
Analysis results impacting design or risk decisions..
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4.2.5 Numerical Assessments and Predictions

The developer shall perform comparative numerical assessments and/or reliability predictions to:

1. Assist in trade-studies by evaluating alternative design concepts, redundancy and cross
strapping approaches, and part substitutions;

2. Identify the elements of the design which are potentially the greatest detractors of system
reliability;

3. Identify those potential mission limiting elements and componentwwﬂl require
special attention in part selection, testing, environmental 15:;1%% and/or special
operations; :

4. Evaluate the design in terms of mission success requlrement54§‘ &%%&
5. Evaluate the impact of proposed engineering changes anég@%ﬁsalver requests d%@”hablhty.

The developer shall describe in their assessments the level ofidetail f a model suitéble for
performing the intended functions enumerated above. T}}%"gsults he reliability assessments
shall be reported at design reviews starting with IPDR., --»., beseh tations shall include

4
ons.

shall submit the Limited-Life Items Plan in ac¢ rdgnce with CDRL SA-24. In the plan, the
developer shall define limited-life items, the infgact on mission parameters, responsibilities for

mitigating limited-life items, and.provide a list %“lymted -life items, including data elements as
follows: &55‘3‘

* Expected hfe A@ﬁ A%iwccmﬁ&é‘

T’S‘%v ~:‘5< """"""""""""
* Required hfe £
-:'-SS‘%V ,.{‘4'{'
© Dyl Y

o Rsﬁlonale for séf&gtion

Theéﬂ%%’mife period s?%yrts with fabrication and ends with completion of final orbital mission,
includings isposgtphase.

The developeﬁggﬁall list limited-life items including selected structures, thermal control surfaces,
solar arrays arfd electromechanical mechanisms. The developer shall consider atomic oxygen,
solar radiation, shelf-life, extreme temperatures, thermal cycling, wear and fatigue to identify
limited-life thermal control surfaces and structure items; the developer shall include mechanisms
such as batteries, compressors, seals, bearings, valves, tape recorders, momentum wheels, gyros,
actuators and scan devices when aging, wear, fatigue and lubricant degradation limit their life.

The developer shall maintain records allowing for evaluation of cumulative stress (time and
cycles) for limited-life items, starting when useful life is initiated, and indicating the project
activity that stresses the items.
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The developer shall obtain a program waiver approval by GSFC when the use of an item whose
expected life is less than its mission design life.

4.3 RELIABILITY ANALYSIS OF TEST DATA

The developer shall fully utilize test information during the normal test program to assess
reliability performance and identify potential or existing problem areas.

4.3.1 Trend Analyses p &%%
Parameter trend analyses is a companion approach to analytical reliability i ls In general,

known values of certain parameters can directly impact component or syst oo 11ab111ty, even
though the exact quantitative relationship may not have been determi
parameters that directly affect system or component reliability, when mpled ovVétiime can be
examined to determine if there is a pattern of deviation over tim @8& a trend) froﬁ%eeptable
performance limits. In this manner, it may be possible to predi¢t future parameter vélues, or at
least estimate the long-term range of values of these inﬂuegﬁyal Vari@%},es Thus, if these
parameters are trending towards hazardous or unaccepty) gﬁl&,’?ﬁe potential problem could
be identified prior to the occurrence of high-risk situations

vvvvv
<

<

The developer shall assess subsystems and components to deterrhiff?é measurable parameters that
relate to performance stability and rehablhtgmm\mlo er shall monitor selected parameters
for trends starting at component acceptance tés 1ng‘ii uing during the system integration
and test phases. The developer shall ensure ng) ring i accomphshed within the normal test
framework; i.e., during functional tests and en§#fonmental tests. The developer shall establish a
system for recordmg and analyzmg the paramigters as well as any changes from the nominal

(even if the levels are within ed limits). @é‘ developer shall maintain and submit a list of
subsystem and compone R‘g,"“assessed parameters to be monitored, and trend analysis
reports in accordance eﬁ%ﬁe developer shall provide a list of parameters to be
monitored at the & e éf/e op'e'f shall provide trend analysis reports at the Pre-

Environmental Review (P }%d Flight Readiness Review (FRR).

The dev&l’oper shall a" 1y ze test information, trend data and failure investigations to evaluate
relial sz The developer shall document identified problem areas, and ensure
devéld takes corrective action. The developer shall include this information in
progress "-»: :+ e Proj ect, or in a separate monthly report. The developer shall report results

4.4 CONTROL OF SUB-DEVELOPERS AND SUPPLIERS

The developer shall ensure that system elements obtained from sub-developers and suppliers
meet project reliability requirements. All subcontracts shall include provisions for review and
evaluation of the sub-developers’ and suppliers’ reliability efforts by the prime developer at the
prime developer’s discretion, and by GSFC at its discretion. The developer shall tailor the
reliability requirements of this document in hardware and software subcontracts for the project.
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The developer shall exercise necessary surveillance to ensure that sub-developer and supplier
reliability efforts meet overall system requirements.
The developer shall ensure the tailored requirements:
* Incorporate quantitative reliability requirements in subcontracted equipment
specifications.

* Assure that sub-developers have reliability programs that are compatible with the overall
program

* Review sub-developer assessments and analyses for accuracy an@ﬁarrectness of
approach.

* Review sub-developer test plans, procedures and reports for corrﬁﬁ%%&s of approach and

test details. 4§ y@%%&

* Attend and participate in sub-developer design reviews.

-vv

* Ensure that sub-developers, during the project opegp"ﬁlonal phase, combly with the

applicable system reliability requirements. 4@*
4.5 RELIABILITY OF GOVERNMENT FURNISHE EIPMENT

; **-&“’ L T
14-"#5 3¢ 5_313 EiCk:

S

Project Office to perform the rehablhty analys e deve oper shall formally notify the Project
Office promptly when examination of the data%htmg by the developer indicates that the
reliability or maintainability of G ernment Fu%s}xed Equipment is inconsistent with the
reliability requirements of EQ@% Vit
& ,
P

4.6 SOFTWAR%ﬂﬁﬁﬁ
R,

*ﬁv wa

softwargiteliability requirements.
&

P
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5.0 SOFTWARE ASSURANCE REQUIREMENTS

5.1 GENERAL

For the purposes of this section, all references to the developer shall include the prime software
developer, as well as any subcontractors tasked in the development process.

5.2 SOFTWARE ASSURANCE

The developer’s Software Assurance program shall address software ass&iﬁfﬁ% is
Software Quality, Software Safety, Software Reliability, Verlﬁcatlon@d Valids -“
Independent Verification and Validation) and functions for all flight ar¥d ground s

software. The software assurance program shall apply to softwait arid firmware de ped
under this contract, including Government off-the-shelf (GOéTg') soffware, modified off-the-shelf
(MOTYS) software, and commercial off-the-shelf (COTS) Ag@ware %1 included in a NASA

system. & w‘%%g&

The developer shall identify a person responsible for dlrectmg %ﬁaging the Software
Assurance Program (e.g., a software assurance manager). The devgloper shall document in The

instrument Systems Assurance Plan (CDRL $#sk):-how the Softwﬁre Assurance Requirements
e in T

will be met. s
’8% &ﬁ"v""’%
5.3 SOFTWARE QUALITY

The developer shall 1mplement Software Qua%%‘sprogram to assure the quality of the software
products and software proce; wwm- e function @FSoftware quality assurance assures that the
standards, processes, and@’foced correct%fr%plemented and appropriate to the project.
Software quality contr, Hhereae o those software requirements, plans, procedures and

++1-+i

standards. “ .@% E#“W” -----------
Product assuran ities sffﬁ%ﬁ)erformed to assure:
. "cfards and edurés for management, software engineering and software assurance

,_Aﬁfctwmes are de ied.

<o “plans (e.g. onﬁguratlon Management [CM], Risk Management, Software
; -24,;(;-. meget?Plan) required by the contract are documented and comply with contractual
requir&rigtits.

* Standards, design, and code are evaluated for quality and issues.

* All software requirements are documented and traceable from system requirements to
design, code and test (i.e., a software requirements traceability matrix).

* Software requirement verification status is updated and maintained via a software
requirements verification matrix.
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* Formal and acceptance-level software tests are witnessed to assure satisfactory
completion and maintenance of test artifacts.

* Software products and related documentation (e.g., Version Description Documents
[VDD] and User Guides) have the required content and satisfy their contractual
requirements.

* Project documentation, including plans, procedures, reports, schedules and records are
reviewed for impact to the quality of the product. 4%%%

* Software quality metrics are captured, analyzed, and trended to ensul:@?ﬁ:e quality and
safety of the software products.

f : Rt
Process assurance activities shall be performed to assure: 4§( %%&

yvv vv

* Management, software engineering, and assurance persqpﬁ%f‘adhere to spect, d

standards and procedures and comply with contractuglﬁ‘yeqm%&ents

Manggement Plan) and procedures

'\l'

tibcedures.

* Contract requirements are passed down to any subcontr:(%t%%“and that the
subcontractor’s software products sat§ the prlme develgper’s contractual requirements.

—
* Engineering peer reviews (e.g., demgn*g alﬁﬂiﬁéﬁ id code inspections) and software
milestone reviews are conducted and a¢ 1opﬁyems e tracked to closure.

* A software problem reporting system ar% corrective action process is in place and
provides the capabili%ﬁ%ument, sea!%;a{"and track software problems and anomalies.

P
e The software is tesfed to vi#ify com g_lqance with functional and performance
. S
requ1rements{.‘,;4{:€%%;5& %ﬁ%ﬁ%ﬁéﬁ
#
" =
* Software safety procesit

. Man@gemm % ware e1neer1ng, and assurance personnel have received proper
r

offware assu traifiing.
,;cf"a‘
S,
N »f&-"
54  SOEEWARE SAFETY
K

vvvvvv

The developerjﬁ’ﬁall ensure that safety considerations are integrated with the overall software
assurance and systems safety program and is compliant with the software safety requirements of
NASA-STD-8719.13. The developer shall ensure that their approach to the software safety
program is documented in the System Safety Program Plan as appropriate.

The developer shall ensure that software safety requirements are clearly identified, documented,
tracked, and controlled throughout the lifecycle. The developer shall identify potential hazards
and ensure implementation of safety critical requirements. The developer shall test all software
safety critical components on actual hardware to ensure that the safety requirements were
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sufficiently implemented and that applicable controls are in place to verify all safety conditions.
The developer shall document in operational documentation all safety-related commands, data,
input sequences and workarounds necessary for the safe operation of the system. The developer
shall report on all software safety requirements, software safety issues and risks at all formal
system-level reviews.

For software deemed software safety critical, the developer shall identify and document the
software safety critical classification of each item in terms of criticality, severity, associated
risks, and likelihood of occurrence. Software safety requirements shall also be clggigly identified
and dlstmgulshable in the software requirements traceability matrix. The devg;]ﬁber shall test all

were sufficiently implemented and that applicable controls are in place {g* ‘5a11 safety
conditions. 4§“ ”’i‘% (o
&,

vvvvvvv

The developer shall continually monitor, assess, and review the ﬁﬁ’ﬁ%vare developm@ efforts for
changes that may affect the safety critical classification of thégcé”oftw re and as nece$sary update

engineering analyses to reflect these changes. Py y
5.5 SOFTWARE RELIABILITY & “% ; 5&'

vvvvv

The developer shall ensure that software reliability is 1ncorp0ra?%%§d their software products.
The software reliability program shall be tailg red t the approprlate #vel based upon criticality of
the software to the mission, software safety c Ware <complexity, size, cost
consequence of failure, and other attributes. '
activities are planned to support the achievemés
reliability requirements. Refer to IEEE Standa@?@& 1-1988, IEEE Standard Dictionary of
Measures to Produce Reliable Software, for me%(‘)dﬁ to evaluate software reliability.

<

A
5.6  VERIFICATION, gﬁ‘ND '@‘ LIDATION

a. The develope{ﬂ% lar}éﬁ%@%ent a Verification and Validation (V&V) program in
accordance with tles W Paragraph 4.2.1.2.1.

vvvvv

5.7 INDEP&MT VE ATION AND VALIDATION
I Y

vvvvv

The devg}ﬁper shall sf%rt NASA IV&YV activities in accordance with the SOW paragraph
4.2. 1 4/43‘

5.8 5: EXISTg(‘} AND PURCHASED SOFTWARE

If the devel piEs ~>a‘?rowded software as government-furnished equipment (GFE), or will use
existing or p ased software and firmware, the developer shall verify that the software and
firmware meéts the functional, performance, and interface requirements placed upon it. The
developer shall ensure that the software and firmware meets applicable standards, including
those for design, code, and documentation, or shall secure a LDCM Project waiver to those
standards. Any significant modification to any piece of the existing software shall be subject to
the provisions of the developer’s quality management system and the provisions of this
document. A significant modification is defined as the change of twenty percent of the lines of
code in the software.

5-3



6.0 RISK MANAGEMENT REQUIREMENTS

6.1 GENERAL

The Developer shall develop and implement a project-specific Risk Management Plan (RMP)
(Section 7.3) as a means to anticipate, mitigate and control risks and to focus project resources to
ensure success of the project. The NPR 7120.5, “NASA Program and Project Management
Processes and Requirements,” is the controlling requirements used in the preparation of this plan.

The primary activities of the Developer Continuous Risk Management (CRM) ﬁ%’é@s are:

a. Search for, locate, identify, and document reliability and quality rg%e@fore they become
problems. & %&

g

&

b. Evaluate, classify, and prioritize all identified reliability an_d ggifrhlity risks. %ﬁ‘%v«“

c. Develop and implement risk mitigation strategies, ac{%@hs and tasks and assign

appropriate resources. Py ;
P N
d. Track risk being mitigated; capture risk attributés gﬁ‘%@fﬁation information by
collecting data; establish performance metrics; and exd trends, deviations, and
anomalies. %; ’

<

e. Control risks by performing: risk -sw'g;fs:u:r:@a b nmn,%;/contlngency planning, or
continued tracking and execution of thégcurre%_

f. Communicate and document (via the rlggfecordlng, reporting, and monitoring system)
risk information to ensure it is conveye%etween all levels of the project.

g. Report on outstandmg’f%' %ms at all n)%agement and design reviews.
The GSFC Project Of;ﬁ@;}le Gﬁ%@%r design reviews only), and the Instrument

...............

Developer will agree‘on %%%SVCI of detail is appropriate for each review.

e
All identified re » '%and q%«mks will be documented and reported on in accordance with

the Instrum@@ Vel ’s Risk#Management Plan. Although not all risks will be fully
mltlgateggf'ﬁll risks shatizfe addfessed with mitigation and acceptance strategies agreed upon at
appropfiate mission re S.

6.2 A

GPR 1060

GPR 8700.4 “X Integrated Independent Reviews

NPR 5100.4  Federal Acquisition Regulation Supplement

NPR 7120.5  Program and Project Management Processes and Requirements
NPR 8000.4  Risk Management Procedural Requirements

NPR 8715.3  NASA Safety Manual
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6.3 RISK MANAGEMENT PLAN

The Developer shall document the project-specific implementation of the CRM process in a
RMP in accordance with CDRL PM-12. Preparation of the RMP is a requirement established by
NPR 7120.5 and includes the content shown in NPR 8000.4, “Risk Management Procedural
Requirements.” The plan shall include risks associated with hardware and software (e.g.,
technical challenges, new technology qualification, etc.), COTS, system safety, performance,
cost and schedule (i.e., programmatic risks). The plan shall identify which tools and techniques
will be used to manage the risks. o,

All identified risks shall be documented and reported in accordance with th. f-roject’s RMP.

Identified risk areas shall be addressed at project status reviews and at [ 4 3" Independent
Reviews (GPR 8700.4). Risk status shall be available to all members % the prajget. ic
review. Although not all risks will be fully mitigated, all risks shal]l be#ddressed ,:‘5315. matigation

and acceptance strategies agreed upon at appropriate mission reggg%s ,%5
&
6.4  RISKLIST & | ﬁ&
The developer shall maintain a Risk List throughout the’ p;%v%‘ ife cycle, along with
programmatic impacts. The list should indicate which risks he highest probability, which

have the highest consequences, and which risks represent the gr %eﬁsk to mission success.
The list should also identify actions being ta%n to address each sgemﬁc risk. The Risk List shall

be configuration controlled. wwﬁ%ﬁmm v

S

E: %’é
Risk status shall be communicated on a regula\%abagéyto theg#entire project team and customers.
Risk status shall be communicated to the Goveﬁq&hg Program Management Council (GPMC)
through the MSRs. 5&5

B
For each primary risk (thos@“ﬁ% _j% oth high E;%Bability and high impact/severity), the
Developer shall prepar%@d maing#in the Ming in the risk sections of the Program/Project

S ans
Plans: ﬁv ﬁ‘%&%ﬁﬁw
* Description of the riski#acluding primary causes and contributors, current mitigation

strateé%@;gmt@rmatm lected for tracking purposes.
. Pgsﬁnary conseg%wes $hould the undesired event occur.

ﬁﬁ%&ma‘[e of theﬁobablhty of occurrence (qualitative or quantitative) together with the
it 1nty og’{ﬁﬁe estimate and the effectiveness of any implemented risk mitigation
.w-\m

vvvvvv

cost of risk mitigation versus the cost of occurrence multiplied by the probability of
occurrence.

* Characterization of a primary risk as “acceptable” shall be supported by a rationale (with
the concurrence of the GPMC) that all reasonable mitigation options (within cost,
schedule, and technical constraints) have been instituted.
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6.5 RISK-BASED ACQUISITION MANAGEMENT

GSFC projects shall incorporate the requirements of the Risk-Based Acquisition Management
(RBAM) initiative as part of the CRM process. The purpose of RBAM is to convey NASA’s
focus on safety and mission success to NASA contractors.

Acquisition planning shall incorporate input from GSFC personnel responsible for safety and
mission assurance, health, environmental protection, information technology, export control, and

security. &
ey
vy

When technical proposals are required as part of requests for proposals for supplies or services,
offerors shall be instructed to identify and discuss risk factors and their .

those risk factors (see NFS 1815.201 and NSF 1815.203-72). Where thgSolict
submission of a Safety and Health Plan (see NFS 1823.7001(c)), safety and hea ek :::
considered in the evaluation process (also see NFS 1815.305). éfeg&‘ :

. . . e . &
QA surveillance plans are required and prepared with the SQ#W for a%@Qé)terforrnance based
contracts and, as necessary, for other contracts. Those plv ash a specific surveillance
approach that is commensurate with the perceived risk<Thé Phing” are general at the outset, but

after contract award, contracting officers shall ensure that the ﬁ% are revised to reflect the risks
associated with the successful proposal (see NFS 1846.401). o

et
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7.0 INTEGRATED INDEPENDENT REVIEW REQUIREMENTS

71 GENERAL REQUIREMENTS

The developer shall support a series of comprehensive system-level technical reviews that will
be conducted by the GSFC Office of Systems Safety and Mission Assurance (OSSMA) Systems
Review Office (SRO). These reviews cover all aspects of flight and ground hardware, software,
and operations for which the developer has responsibility. In addition, each developer shall

conduct a program of peer reviews at the component and subsystem level. 4%%%
For each specified review conducted by the GSFC SRO, the developer shall;&*
a. Develop and organize material for oral presentation to the GSFC,Aéi‘eVIl‘ﬁ;?c m. Copies of
the presentation material will be made available as specified mﬁhe inst nt CDRL.
b. Support splinter meetings resulting from the review. ﬁﬁﬁ&» ¢ y%;

c. Produce timely written responses to recommendatlgﬁg and a@gm items resulting from the

review. 4“ v&\%«%%&

d. Summarize, as appropriate, the results of the engmeer%@views conducted by the

developer. B
7.2 INSTRUMENT REVIEWS % i ,ff
%‘wﬁ@ﬁﬁwﬁ&*éﬁ‘
Reviews required for LDCM instruments are séeciggé"d m%graph 1.2 in the instrument
Statement of Work. B
S
73  PEER REVIEWS q% %‘«

The Developer shall 1mp]<§lﬁént a

levels. In addition, pag@@gg revigsy SRl
components in the flight §§8fep.

The packaging a%ﬁ‘%%h\hall s’%ﬂally address the following:
a. Pé@eement m%ng, a{id interconnection of EEE parts on circuit boards or substrates.

: : ﬁg‘%;ugs&%r protection of the parts and ease of inspection.
The Developéfe‘ peer reviews shall be conducted by personnel who are not directly responsible for
design of the hardware under review. The GSFC Project Office and SRO shall be invited to

attend the peer reviews, and shall be provided ten working days notification.

C.

The peer reviews shall have RFA item recordation which are reviewed and assigned to
appropriate personnel at the end of the reviews. The Developer team is required to submit written
responses to recommendations and action items resulting from the reviews to GSFC in a timely
manner.
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The results of the reviews will be documented and the documents will be made available for
review.
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8.0 DESIGN VERIFICATION REQUIREMENTS

8.1 GENERAL

The developer shall conduct a Verification Program to ensure that the flight system meets the
specified mission requirements. The program shall consist of functional demonstrations,
analytical investigations, physical measurements and tests that simulate all expected
environments.

The Design Verification Requirements are contained in the LDCM Environmery {¥erification
Requirements (LEVR) Document and the instrument Statement of Work (SQ&W).

e,

8.2 DOCUMENTATION REQUIREMENTS &

The documentation requirements applicable to design verification gre thcluded in®
Statement of Work. 453 R,

83 PERFORMANCE OPERATING TIME AND F&;ﬁURE@BEE PERFORMANCE
TESTING .{%

Performance operating tlme and failure- free performance testit *4; all meet the requirements

section 2.3.4.

%*@&5&%
**z p %%

et
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9.0 WORKMANSHIP STANDARDS

9.1 GENERAL

The developer shall plan and implement a Workmanship Program to assure that all electronic
packaging technologies, processes, and workmanship activities selected and applied meet
mission objectives for quality and reliability. See Section 13 for additional information on ESD
control.

9.2  APPLICABLE DOCUMENTS ﬁé%%

The current status and/or any application notes for these standards can be ggithe found at
http://workmanship.nasa.gov/. The most current version of these standagés shadfie used for new
procurements. However, if a specific revision is listed for a reference@tandar oty that
revision is approved for use, unless otherwise approved by proj;%g;vaﬁ?agement. S‘%%ﬁ '

yd
A

Conformal Coating and Staking: éﬁgﬁy

NASA-STD-8739.1 “Workmanship Standard for S Fonformal Coating of Printed
Wiring Boards and Electronic As$étililjes”

N,
S,

NASA-STD-8739.2  “Workmanship Stangiéif e
Soldering - Flight, Manual (hand): % ﬁ&’% é%

NASA-STD-8739.3 “Soldered Electrical %nnections”
Soldering - Ground Svstemsﬁ% %‘”{‘
& ya
IPC/ EIA J-STD-001C A@ﬁ,{equir%i@&tﬁcﬁaﬁg‘éldered Electrical and Electronic Assemblies”
P y ity
Electronic Assemblies —%%ﬁd Systems:

Ry

IPC-A-610 ,qﬁ%%;%cc%}%ﬁity of Electronic Assemblies”
RIS jid

S

&

Crimpigzgﬁ’\]iring, and rnesséing:
NA‘S%%D-W”A ’gé?’i‘Crimping, Interconnecting Cables, Harnesses, and Wiring”
2O y

R 4
Fiber Optl‘% B gﬁ

MM

vvvvvv

NASA-STD-;_ .<'9.5 “Fiber Optic Terminations, Cable Assemblies, and Installation”
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ESD Control:

ANSI/ESD S20.20 “Protection of Electrical and Electronic Parts, Assemblies and
Equipment” (excluding electrically initiated explosive devices)

Printed Wiring Board (PWB) Design:

IPC-2221 “Generic Standard on Printed Board Design”

IPC-2222 “Sectional Design Standard for Rigid Organic Printed Ms”

IPC-2223 “Sectional Design Standard for Flexible Printed Bgg ds”

PWB Manufacture: & %&

IPC A-600 “Acceptability of Printed Boards” &égg:g( %%%”

IPC-6011 “Generic Performance Speciﬁcatiq@?fgr Printed Boards” <

IPC-6012 & n
“Procurement Specification for ng : ‘Boards for Space
Applications and Other High Rehablhty Ses”)

IPC-6013 “Qualification and PEreHtESpecH lciatlon for Flexible Printed
Boards” E% &y ' é i

IPC-6018 “Microwave End Proc%ﬁ Board Inspection and Test”

9.3  DESIGN ‘, ﬁ% %f‘

...................

The PWB manufactur'mg%gfcceptance requirements identified in this chapter are based on
usmg PWBs demgned in acC %.e with the PWB design standards referenced above. Space
desitis }’ ¢ features that prevent the finished boards from complying
with the CLa”S"s 3 requl ﬁ; nts gﬁhe approprlate manufacturlng standard (e.g., specified plating
thlckn%f internal annig

De g 1d PWBs all not violate the requirements of the Association Connecting
Electronl ' ig#'(IPC) 6012B Performance Specification Sheet for Space and Military
Avionics (Pv_‘ A). In the event of a conflict between the IPC design specifications, the
6012B Class 3; qulrements and the PSSSMA, the PSSSMA shall take precedence.

9.3.2 Assemblies

The design considerations listed in the NASA Workmanship and IPC standards listed above
should be incorporated to the extent practical.
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9.3.3 Ground Support Equipment that Interface with Space Flicht Hardware

Any portion of Ground Support Equipment (GSE) that mate with flight hardware, that reside
with space flight hardware in environments that simulate a space flight environment (e.g.
connectors, test cables, etc.), or that interface directly with space flight hardware in any way,
shall be designed and fabricated using space flight parts, materials and processes.

94 WORKMANSHIP REQUIREMENTS

9.4.1 Training and Certification &é‘éﬁ%

i
All personnel working on flight hardware shall be certified as having CW the required
training appropriate to their involvement, as defined in the above standags 6€hen approved by
project management, in the Developer’s quality manual. This includeﬂé‘but 1s rm_i‘tedqto, the
aforementioned workmanship and ESD standards. At a minimum geﬁ?ﬁcaﬂon shatfagelude
successful completion of formal training in the appropriate disgcs dﬁne Recertificatig# shall be in
accordance with the requirements defined in the above Worlqﬁanshl%andards ‘

.,

A,
9.4.2 Flight and Harsh Environment Ground Systétis: kmanshl
9.42.1 Printed Wiring Boards %%
4.2. rinte iri %% &

PWBs shall be manufactured in accordance with Class 3 requiremg#its in the above referenced
IPC PWB manufacturing standards and the I%@&%&SSSMA‘ In the event of a conflict, the
requirements specified in the IPC 6012B PSS %ﬁ precedence over all other
specifications. The Developer shall provide PW.B Jgé’f coupodns to the GSFC Materials
Engineering Branch (MEB) or a GSFC/MEB aggtoved laboratory for evaluation. Coupon
acceptance shall be obtalned prlor to populatlorﬁbf flight PWBs. Test coupons and test reports

9.4.2.2 Assemblles
i"r+l'1

Assemblies s}}&gmlcatecﬁ% the appropriate workmanship standards listed above (i.e.,
NASA- ST@L’?‘%‘@? arho and soldering; NASA-STD-8739.4 for crimping/cabling; NASA-STD-
8739.5 fgf fiber optic tégi ination and installation; NASA-STD-8739.2 for Surface Mount
Sol?%%b\etc ) and A]§§/ESD $20.20.

9 4. 3 R und Systems (Non-Flight) Workmanship
e

9.4.3.1 Priﬁ%iring Boards

/ﬁ(
Ground systein PWBs not covered by Section 9.3.3 shall be manufactured in accordance with the
Class 3 requirements in the above referenced IPC PWB manufacturing standards.

9.4.3.2 Assemblies

Assemblies shall be fabricated using the Class 3 requirements of J-STD-001, IPC-A-610, and
ANSI/ESD S20.20. If any conflicts between J-STD-001 and IPC-A-610 are encountered, the
requirements in J-STD-001 shall take precedence.
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9.4.4 Documentation

The developer shall document the procedures and processes that will be used to implement the
above referenced workmanship, design, and ESD control standards; including any procedures or
process requirements referenced by those standards.

Alternate standards may be proposed by the developer. Proposals shall be accompanied by

obj ective data documenting that mission safety or reliability will not be compromised. Their use
is limited to the specific project and allowed only after they have been reviewed and approved by
program management. 49‘&

9.5 NEW AND ADVANCED MATERIALS AND PACKAGING ;gﬁéaNOLOGIES
A TRRMEL

New and/or existing advanced materials and packaging technologies éé( g., multizghip modules
[MCMs], stacked memories, chip on board [COB], ball grid array: GA], etc.) sh% feviewed
and approved by the Government Parts Engineer for EEE part/\s}ﬁf the Government Materials
Assurance Engineer (MAE) for materials and processes. éggﬁ* %&

P

9.6 HARDWARE HANDLING f’%% &

e
The developer shall use proper safety, ESD control and cleanrd%ﬁ1ces (where appropriate)
when handling flight hardware. The electrostatic charge generatiorggnd contamination potential
of materials, processes, and equipment (e.g., unipment spackaging materials, purging,

tent enclosures, etc.) shall be addressed. % S e
9.7  SPECIAL PROVISIONS 5{;@? .

9.7.1 Precision Component Assembly %

{‘4
When precise location of a/@bmp nt is requ1r , the design shall use a stable, positive location

system (not relying on ﬁtlon) a QMM means of attachment.
e .

- HTadodaes. oot MDA AASRARERIE T

9.7.2 Capping of Tf%%‘nts and Plugs

All test points g (

9.7.3 &a«ﬁlectrlcal ecto‘r Mating

Map%ll flight cmﬁéctors which can not be verified via ground tests, shall be clearly labeled
and ke iquely, gﬁyd mating of them shall be verified visually to prevent incorrect mating.

o

A
9.7.4 Wmnt Intermetallics Mitigation

All materials“at a solder joint shall be selected to avoid the formation of potentially destructive
intermetallic compounds.

9-4



10.0 MATERIALS AND PROCESS REQUIREMENTS

10.1 GENERAL REQUIREMENTS

The developer shall develop and implement a Materials and Processes Control Plan (MPCP)
(CDRL SA-20) to be implemented by the beginning of the hardware design stage. The MPCP
shall be compliant with the specific requirements of this section and the relevant LDCM
surveillance, documentation, safety and contamination control requirements specified in other
sections of this MAR. The plan shall document developer’s policies, procedures and guidelines
for the selection, processing, inspection, testing, procurement and control of n;@t‘gﬁ%fs, and
lubricants employed to meet the design and operational requirements of the %CM instrument.
The Government shall approve developer materials, lubrication usage, and &g&eiated

LN

manufacturing processes prior to their use in spaceflight hardware. @‘v - %&

Existing developer in-house documentation may be used and refe@é‘gge\% in the plaﬁﬁh’vﬁdress
how these requirements are to be met, and shall be submitted‘g@#(he Government fo¥*approval.
All appropriate sub-developers shall participate in the MPCFto the &tent required by the prime
developer and the Government in order to meet these reggifféments# The plan shall address how
the developer will ensure the flow down of applicable Laekiirements to sub-developers.

vvvvv

At the request of the Government, the developer shall deliver h;%ééto the Government for
direct or indirect examination. The Governmgnt intends to make tb%ge requests on a non-
Akl o ’g; I}Qnidestructive evaluations such x-

Rt e

total ionizing dose tests for microcircuits or priateg’wiringboard cross section examinations.
Indirect examination will be used when direct#Xamination is not possible. Methods of indirect
examinations may include inspegtion of similatthagdware produced on the same production
stkiesRlioht hardw;%f‘
Aﬁﬁ X%iammﬁg
102  MATERIALS SEEECFIONREQUIREMENTS

=

S

To qualify as a maerial cofh ; : i with intended spaceflight use, a material shall have a
iR pproved by the Government and meet the following applicable

' " +.r+ '\" > e
é%d heréin for:
i

I rements
4. Manufacttéi#tg process selection
5. Fastener jrtegrity

Thorough evaluation of the environmental effects of the trajectory paths/orbits shall be assessed
for the impact on materials selection and design. The selection and use of material with
hazardous properties (such as flammability and toxicity) shall meet the requirements specified in
AFSCM 91-710 Range Safety User Requirements Manual, Chapters 10 and 12.

A material that has limited spaceflight heritage or does not meet the applicable selection
requirements listed above shall be considered non-compliant. In that case, if there are no
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alternatives available to select a compliant material, the material’s usage shall be justified for the
desired application on the basis of test, similarity, analyses, inspection, existing data, or a
combination of those data; Government approval shall be obtained by the developer prior to use.
Materials used in structural applications shall be highly resistant to SCC as specified in MSFC-
STD-3029. A Materials Usage Agreement (MUA) (Figure 10-1) and/or a Stress Corrosion
Evaluation Form (Figure 10-2) shall be submitted to the LDCM for approval for use of the
proposed non-compliant material. Both forms are required for a material that does not meet the
SCC requirements. The Developer may use their own forms if they contain equivalent

information and justification. &éﬁ%&
USAGE AGREEMENT NO.: A?%gz&
MATERIAL USAGE & i PAGE OF
AGREEMENT o 2 A -;;v;iir,,;v,«ff"
P -
PROJECT: SUBSYSTEM: ORIGINATOR: &»é*" 4 ORGANIZATION:
et
A W
DETAIL NOMENCLATURE USING ASSE NOMENCLATURE
DRAWING o N
A S
B ya
.o
MATERIAL & SPECIFICATION % @E& CTURER & TRADE NAME
USAGE THICKNESS WEIGHT EXPOSED AREA | ENVIRONMENT
) i
4@@3 Y éﬁ‘ PRESSURE TEMPERATURE | MEDIA
P /%f;@wcfﬂé&ﬁ
SR Pt e
e Y
APPLICATION _ ,s% P
RS 2
e "% &
RATION?ALE picsd
%&%\ ﬁ
e i
ORIGINATORE s o PROJECT MANAGER: DATE:
o

Figure 10-1. Material Usage Agreement
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N I

) r”

4,

Part Number

Part Name

Next Assembly Number A &%

Manufacturer &

Material G

Heat Treatment gsﬁ "”-’%%&
% 2

Size and Form

Sustained Tensile Stresses-Magnitude and D1re
Process Residual ;

Assembly

Design, Static

Special Processing

Weldments %@m

&C
Alloy Form, Temper of Parent'ﬁgé/letal ﬁ@%v

Filler Alloy, if none, indicate % ,g}‘f' ¢
e

Welding Process %
Weld Bea sgd - Yes (), N%()

Post-Weldé¢T hermaff reatment.«

wwce:{:c

Post-&@%&gwﬁw
Environmen

ST,

SHe,
Func‘u Part<

Effect 0 allure

Evalua n of Stress Corrosion Susceptibility

i

S

Figure 10-2. Stress Corrosion Evaluation Form
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The developer shall create and maintain an As-Designed/As-Built Materials and Processes
(M&P) List of all materials planned for use in the configured flight hardware (CDRL SA-21).
This list shall include a Polymeric Materials and Composites Usage List, an Inorganic Materials
and Composites Usage List, a Lubrication Usage List, and a Materials Process Utilization List.

The initial M&P and subsequent updates shall be submitted for review and approval. An As-
Built M&P list shall also be prepared and submitted for review and approval. The final M&P list
is the As-Built materials list that includes all materials, processes, and lubricatigﬁiﬁ&dng used in
the as-built configured flight article designated to fly and as delivered on-orbig”
Each materials list shall be an itemization of the materials, processes angTub¥igiats used in the
configured flight article and shall contain as a minimum the informat ot in Fig %;&%a through

10-6, respectively. p N ,%3

/.}é‘y . 4 <&
In order to minimize materials and lubricant problems durlé%g‘use in %ﬁlce hardware, the
2 3

developers shall anticipate and consider potential applicagigizproblgm dreas during the material

yd

oxygen , limited life, vacuum outgassing, toxici
as the properties required by each material usig

10.2.1 Inorganic Materials

The developer shall prepare and document an Ii%;@rgqnic Materials List (Figure 10-3) or the

Developer’s equivalent. The MI be submit%?‘és part of the M&P list. (CDRL SA-21)

V4 Sy

4‘,; 55‘% i ~'Ee‘éé«;:-:s-::-:nv: ------------
R GSFCW’InorgamcMateﬁalsList
S,
&

Spacecraft SRR A System/Experiment

Contractor 4}3? i ﬂ‘% & Contractor Address
; Phone and Fax #

Eocd
i

(LA Date Prepared
R ; Project SAM
RGN )

: i MSFC-STD-302
Item No. | % M&g‘érﬂial Identification Condition Application Efv)i(r}z:ncl::nt S CRiting 3029
:;@‘v Figure 10-3. Inorganic Materials List

The use of tin, zinc, and cadmium platings in any flight application requires an MUA prior to use
of that material. Bright tin, cadmium, and zinc platings have the potential for developing whisker
growths. For tin, these have been measured up to 12.5 microns in diameter and up to 10
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millimeters (mm) in length. These whiskers can result in short circuits, plasma arcing, and debris
generation within the spacecraft. Zinc and cadmium platings also evaporate in vacuum
environments and may redeposit on optics or electronics, posing potential risks to flight
hardware.

10.2.2 Vacuum Qutgassing of Polymeric Materials

Only materials that have a total mass loss (TML) less than 1.00% and a collected volatile
condensable mass (CVCM) less than 0.10% shall be approved for use in a vacuum,environment.
Materlal vacuum outgassmg shall be determmed in accordance with Amerlcanéé%c:lety for

its, the developers
hance via a

product-by- product basis. However, lot testing may be requlred by th Governm 1
material for which lot variation is evident or suspected. In such éﬁ% unless suppo g
justification is provided negating additional lot testing via an MUA aterial approval is
contingent upon lot testing. ,,ég: g&

ghady T

A

The developer shall prepare and submit a Polymeric Mé‘tef‘%ﬁ’as indicated in Figure 10-4 as

5

part of the M&P list (CDRL SA-21) "‘@%% p
I
%hv <¢4‘<
GSFC Spacecraft Polymeric Materiak§f* ﬁ%ﬁﬁ&bﬁ@fﬁ
Spacecraft Systcm/Expcriq%nt 5 : Date Prepared
Contractor Contractor Add;% ,{,‘5" g & Phone & Fax #
Prepared by K Amount Code
GSFC MAE Area, cmz Vol, cc wt, gm
Project SAM < . 0-1 A. 0-1 . 0-1

1
i 2. 2-100
Date Rec'd o Y 3

a

B. 2-50 b. 2-50

. 101-1000 C. 51-500 c. 51-500
e, > 1000 D. > 500 d. > 500

b e

Mix Formula

Expected ASTM-E-595

Environment

Item No. Cure Details Amount Code

%TML  %CVCM

vvvvv

10.2. 39-?‘Iubr1cat10 stems

Lubﬁ%shall be sel%y ed for use with materlals on the basis of flight heritage and Vahd test
results thagge

contammatlon;iﬁ%ncerns.

All lubricated mechanisms shall be life tested unless it can be established and documented that a
valid flight heritage exists to an identical mechanism used in an identical flight application or to
an identical mechanism that has been separately qualified by suitable life testing.

The developer shall prepare and submit a Lubrication Materials List as indicated in Figure 10-5
as part of the M&P list (CDRL SA-21). In addition, the developer may be required by the
Government to submit supporting applications data.
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GSFC Spacecraft Lubrication Materials List
Spacecraft System/Experiment
Contractor Contractor Address
Prepared by Phone and Fax #
GSFC MAE Date Prepared
Date Rec'd Project SAM
Wear Codes
Type # Cycles Speed Lo
CUR continuous unidirectional rotation A 1-10° rpm rev/min é?& %
CO continuous oscillation B 10°-10* opm osc/min e
IR intermittent rotation c 10°-10° vs variable f:évv
IO intermittent oscillation D >10° cpm cm/min %
SO small oscillation (<30) ,_‘_.‘_
LO large oscillation (>30)
CS continuous sliding
Proposed Lubricant Type and # of Wi é%eed Temp. &Atm £ eof Loads
Ttem No. Component Type, Size, and Material e%%\ ’ k:
P e, S16, and Amount Cycles ,5;« of Operation w%?and Amount

A
A

Figure 10-5. Lubrication Mag@‘f‘lals L@&
10.2.4 Process Selection Requirements ﬁﬁ%% gﬁ"

iy lybrication, heat treatment,
welding, chemical or metalhc coatmgs, etc.) shall be carefully sel&gged to preclude unacceptable
material property changes during exposure tozflight environments-hat could cause adverse

2 S
effects to the material and/or to the intended a@i T HEEHIRE

et
e

The developer shall create and maintain a Mat al%%rocesses List with the format and content
indicated in Figure 10-6 as part of the M&P hs%%DRL SA-21).

ﬁ% Spacecraft Mat%afs( Processes List
Spacecraft &5’_@3‘ p & System/Experiment
Contractor _Aﬁg .ﬁ 3 : :Eﬁﬁw Contractor Address
Prepared by ’65'5‘-.- e e Phone and Fax #
GSFC MAE ": il Date Prepared
Date Rec'd %&5& & Project SAM
A S MIL, ASTM or other Description of Material —
Item No. A #Pfocess Typ % Co;lyt%:étor Spec# Spec# Processed Spacecraft Application
.&"
Py %
ﬁ%ﬁ & Figure 10-6. Materials Processes List

e

TRl
The developg;?ﬁall comply with the procurement and test requirements for flight hardware and
critical GSE fasteners contained in 541-PG-8072.1.2, Goddard Space Flight Center Fastener
Integrity Requirements.

Fasteners made of plain carbon or low alloy steel shall be protected from corrosion. When
plating is specified, it shall be compatible with the space environment. On steels harder than RC
33, a plating process that does not embrittle the steel shall be utilized.

No split ring or internal tooth lock washers are permitted on any flight hardware or GSE that will
be vibration tested with flight hardware. Some locking feature is required for all flight fasteners.
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10.3 MATERIALS USED IN "OFF-THE-SHELF-HARDWARE”

"Off-the-shelf hardware" for which a detailed materials list is not available and where the
included materials cannot be easily identified and/or replaced shall be treated as non-compliant.
The developer shall submit an MUA that defines the appropriate measures that will be used to
ensure that all materials in the “off-the-shelf” hardware are acceptable for use. It may be
possible to replace unknown or non-compliant materials within the hardware with compliant
materials, or hermetically seal, or vacuum bake out the questionable hardware to bring the
hardware into a suitable condition for use. Such approaches shall be documentegfg@the MUA.
When a vacuum bake-out is the selected method, it shall incorporate a quartz ﬁ?stal
microbalance (QCM) and cold finger to enable a determination of the durati#in and effectiveness

of the bake-out as well as compliance with the project contamination plagandggror budget
104 MATERIALS PROCUREMENT REQUIREMENTS e

gé@x %&‘
Raw materials purchased by the developer shall be accomp <%;cé’d by.a Certificate of Raw
Materials Compliance and, where applicable, the results omondest ive, chemical and

phys1ca1 tests. When requested, this information shall l;e* agmlable to the Government for
review. %%
L, 1{&‘
10.4.1 Incoming Inspection Requirements %%%3‘

approved by the Governme

j
10.5 SHELF-LIFE- @ﬁNTRcﬁg@gmMENTS FOR POLYMERIC MATERIALS

vvvvvvvvvvvvvvvvvvvvvvvvvv

the start date (man acturmg % shipment date, or date of receipt, etc.), the storage conditions
L ; fied shelfifite, and expiration date. Materials such as o-rings, rubber seals,
fubricated bearings and paints shall be included. When a limited-life

Ra

tape, uncu@éd polyme
piece pﬂﬁq is installed irg@:subassembly, the subassembly item shall be included in the Limited-

Llfgs%é\hst ﬁ‘
y4

vvvvvvv

Matenal% xﬁ‘hd the expiration date requires that the developer demonstrate by means of
appropriate f‘%ﬁ that the material’s properties are not compromised for the intended use. In
these situations; a waiver shall be written and submitted to the Government for approval prior to
use of the material beyond the expiration date.

10.6 FAILURE ANALYSIS

Failure analysis shall be performed on part and material failures experienced during assembly
and testing. Failures shall be analyzed to the extent necessary to understand the failure mode and
cause, to detect and correct out-of-control processes, to determine the necessary corrective
actions, and to determine lot disposition. When required, a failure analysis report shall be
prepared and documented. The developer MAE shall determine and implement appropriate
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corrective action for each material and processes (M&P) failure. All failures, and the results of
final failure analysis, shall be documented.

Failure analysis reports shall be retrievable for the duration of the contract, and shall be available
to GSFC.

10.7 PRESERVATION AND PACKING

Preservation, packaging, and packing shall be in accordance with the item and the system
requirements. All parts that are subject to degradation by ESD shall be packag%i?ﬁ*&ccordance

with the approved ESD procedures. A?%g&
10.8 HANDLING &

Handling (including storage) procedures shall be instituted to prevgnt fart and ma
degradation. The handling procedures shall be retained throughﬁ%%"éction, kitting, assembly
and shall be identified on “build to” documentation. The follg#ing eriteria shall be‘used as a
minimum for establishing handling and storage proceduregifor part materials:

A > oty
SRR P

a. Control of environment, such as temperature, humidi§#gntamination, and pressure.

Ko 1‘4( .
b. Measures and facilities to segregate and protect parts an ials routed to different
locations, such as to the materials revigy crib, to a laborat@rry for inspection, or returned
to the manufacturer from unaccepted %

c. Space quality parts shall be stored in e g};}y@ﬁ%nuﬁéd containers.

d. Control measures to limit personnel acc%s to parts and materials during receiving

inspection and storag ﬁ% %ﬁ"
e. Facilities for inte gn stora, arts _gmd materials.
S ﬁ%ﬁﬁw
f. Provisions fof pr cushlomng, as required, on storage area shelves, and in storage
and transportatlon c(ms ers.

cattirgs of traj&Sportatlon equipment design to prevent packages from being
dg\é‘f)ped or dis 'Nﬂ-g_ irf transit.

}aﬁ%@\tectwe benqusurfaces on which parts and materials are handled during operations
s test, %;%mbly, inspection, and organizing Kits.

1. Requ sidifise of gloves, finger cots, tweezers, or other means when handling parts to
protectithe parts from contact by bare hands.

j. Provisions for protection of parts susceptible to damage by ESD.

k. Unique parts and materials criteria.

10-8



10.9 DATA RETENTION

The developer shall maintain records of incoming inspection tests, lot qualification and
acceptance test data, radiation hardness assurance test data, traceability data and other data as
determined by the Government MAE for a period of time specified by GSFC.
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11.0 EEE PARTS CONTROL PROGRAM SUPPORT

11.1 GENERAL

The developer shall plan and implement an EEE Parts Control Program to assure that all parts
selected for use in flight hardware meet mission objectives for quality and reliability. The
program shall be in place to effectively support the design and selection processes for the
duration of the contract. The Developer shall control the selection, application, evaluation, and

acceptance of all parts through a Parts Control Board (PCB). 4&5%%

All parts shall be selected and processed in accordance with GSFC EEE- INS@‘%M “EEE Parts
Selection, Screening Qualification and Derating,” for part quality level 2 ﬁ%tlons for use of a
lesser grade part with additional testing shall be made on a case-by-casgtbasis®aly when a level
2 part is not available. Such exceptions require approval by the PCB.* -

e e

The Developer shall prepare a Parts Control Plan (PCP) (CDWgA 18) descrlbmg% approach
and methodology for implementing their Parts Control Progggim. Th&PCP shall also define the
Developer’s criteria for parts selection and approval basg@%ﬁﬁe &ﬁé’lmes of this section. The
Developer Project Parts Engineer (PPE) shall work Wiﬂfﬁ?@%ﬁ’PPE to assure that all
necessary information is contained in the PCP. R,

11.2 DEVELOPER’S PROJECT PARTS ENGINEER ;35‘3‘

The developer shall designate one key indivi%lm thid T
responsibility for management of the EEE Pal% Conf

fol "5*- ram. This individual shall have
direct, independent and unimpeded access to t@ﬁgFC PPE : and PCB. The PPE shall work with

design engineers, radiation engineers, reliabilitﬁcngineers and the GSFC PPE to perform part

selection and control. W e
Tasks performed by the d@“velope PE shgglé# jclude but are not limited to the following:

%@WCGC
FEEE

1. Work withf G%?@gﬁ? “““““ T Serf ts control.
OrK wi cam Oper orm par S contro

S
ideRCE '%pare Parts Lists and provide supporting part information for
atonzand app 1 by the PCB.

f Coordmate%s Control Board meetings, maintain minutes, develop and maintain the
ﬁ%&cecraft s Pa#’ Identification List (PIL), develop the spacecraft portion of the Project
¢ ﬁ%ﬁ)ved Paggéy ist (PAPL), As-Designed Parts List (ADPL) and As-Built Parts List

(A

Rt

4. Perform Customer Source Inspections (CSI) and audits at supplier facilities as
requifed.

5. Prepare part procurement, screening, qualification, and modification specifications, as
required.

6. Disposition/track part nonconformances and part failure investigations.

7. Track and report impact of Alerts and Advisories on flight hardware.

11-1



11.3 PARTS CONTROL BOARD

The developer shall establish a PCB or similar documented system to facilitate the management,
selection, standardization, and control of parts and associated documentation for the duration of
the contract. The PCB shall be responsible for the review and approval of all EEE parts, for
conformance to established criteria as defined herein (including radiation effects), and for
developing and maintaining a Project-Approved Parts List (PAPL). In addition, the PCB is
responsible for providing assistance in all parts activities, such as part failure ifggﬁggs%"gations,
disposition of part non-conformances, and part problem resolutions. PCB opgfrating procedures
shall be included as part of the PCP. i

11.3.1 PCB Responsibilities ég %‘%%m P

Rt

G,
The responsibilities of the PCB shall include, but not be limiteAgé@‘f%, the following:

p
A

* Evaluate EEE parts for conformance to estabhshe%gterla%&ﬂnclusmn in the parts list.
o .:f'é’v'%%w i
* Develop and maintain a PAPL. i

vvvvvv

. 1““ . .
* Review and approve EEE part derating as necessary for uf applications.

. . Tt A
* Define testing requirements. %MMW p

St

: : o T
* Review unique applications (1nclud1ng"§%'%ad}§§?0n effects).

* Track part failure investigations and noﬁ%confonnances.

11.3.2 PCB Meetings, Notiieubion, and Reibrts
R ral

PCB meetings shall b%gggened%%e%u&&f%asis, and otherwise as needed. If agreeable by the
Government, PCB me€etit 45?’%?&5”(‘567“1" |

5
a permanent member of P

Feien

ucted via phone conversation. The GSFC PPE shall be

ot e "-:V""'\" 4 . '.;se{ . . .
The Develdper PPE s otify“attendees at least five working days in advance of all upcoming
meetings except in an egfiergency situation. Notification shall, at a minimum, include a proposed
agendn Parts Ident%i:eation List (PIL) of candidate parts.
@ g, 4

RN

e
Ata minimunfggﬁie PCB membership shall consist of the developer’s Product Assurance
Manager, developer PPE, GSFC PPE, and GSFC Project Radiation Engineer (PRE) (GSFC Code
561) when required. The developer PPE and GSFC PPE shall participate in all PCB meetings.
The GSFC System Assurance Manager (SAM), or designee, may attend as necessary. The
developer PPE, GSFC PPE and GSFC PRE shall be permanent members of the PCB. The
developer PPE shall assure that the appropriate individuals with engineering knowledge and
skills are represented as necessary at meetings, such as part commodity specialists, radiation
engineers, or the appropriate subsystem design engineer.
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If there are any parts issues that cannot be resolved at the PCB level, the issues shall be elevated
to the GSFC (LDCM) Project Manager for disposition.

11.4 PART SELECTION AND PROCESSING

All part commodities identified in EEE-INST-002 are considered EEE parts and shall be
subjected to the requirements set forth in this section. EEE parts types that do not fall into any of
the categories covered in EEE-INST-002 shall be reviewed by the Government on a case-by-case
basis using the closest NASA, Defense Supply Center Columbus (DSCC), or government
controlled specification. In the event a suitable government baseline spemﬁcatwﬁsd%es not exist,
the developer PPE shall consult the GSFC PPE to identify the best availablggndustry standard
for that particular commodity, and develop appropriate procurement, screéit 3

o LT e,
specifications. 4§<‘V v”%%g .

vvvvvvv

11.4.1 Parts Selection G Hii
S5 v

Parts shall be selected from the GSFC EEE-INST-002, “Partﬁ‘%?elec g Screening{; Qualification
and Derating” document, or the NASA Parts Selection Ligtf} _‘PSL quallty level 2 or better.
Exceptions for use of a lower grade shall only be made‘f)y tigaoh ernment on a case-by-case
basis when a level 2 part is unavailable. Such exceptions requ w’a'a proval by PCB. The use of a
lower grade part requires additional testing be performed in vffvs § with EEE-INST-002 to

upgrade the part to level 2. &

e

EEE-INST-002 contains value added testing fir a-
include Particle Impact Noise Detection (PINE

for tantalum capacitors and dielectric screening: several types of ceramic capacitors. These,
and any other value added tests listed in EEE- T 002, shall be performed to enhance the
reliability of parts. PCB appr equired if thiee€ is any deviation from any screening or

qualification tests as spec(ﬁiﬁ(%d in -INST- OQQ
§ﬁ"fﬁl’eﬁ‘rts Selection

All parts shall be selected to‘%m nominally in the predicted radiation environment, including
the applicable »'vs.!,'::“" &, Desig rgin (RDM). The radiation environment causes the following
three mamﬁ adati ects, vﬁnch shall be accounted for in all active parts selection:

11.4.2 Radiation R

2 A LS A

‘A& otal Iomzmg e (TID) (including Enhanced Low Dose Rate [ELDR] effects) — Parts
) be selectegfto ensure adequate performance in the application, up to a dose of twice
ected,emlsswn dose. Linear bipolar parts shall be assumed to be ELDR susceptible,

vvvvvv

. Smgle”él(ivent Effects (SEE) — Parts shall be assessed for the potential of Single-Event
Upset (SEU) or Single-Event Transient (SET), which requires analysis of the circuit
application on a case-by-case basis. Parts susceptible to Single-Event Latch-up (SEL)
should be avoided. If performance demands the use of an SEL susceptible part, measures
shall be implemented to ensure that SEL induced damages (both prompt and latent) are
mitigated and that instrument performance is not compromised. These measures shall
receive approval by the GSFC PRE and PPE before the part can be added to the PAPL.
Applied voltages for power Metal-Oxide-Semiconductor Field Effect Transistors
(MOSFETs), Field Effect Transistors (FETS), and bipolar junction transistors shall be in
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the safe operating ranges for these devices, based on Single-Event Gate Rupture
(SEGR)/Single- Event Burn-out (SEB) test data.

* Displacement Damage — Parts shall be able to withstand the displacement damage to high
energy protons, to twice the fluence expected in the predicted LDCM environment. This
effect can cause significant damage in optical devices.

These effects and others may require individual part application analysis to be performed as
determined by the GSFC PRE. The developer shall document the radiation anal;{;%siﬁgségf each part

as applicable. 459‘
11.4.3 Custom or Advanced Technology Devices A{z%gg&
N

S

Devices such as custom hybrid microcircuits, detectors, Application Sﬁemﬁc Iﬁ%ﬁ'@jed Circuits
(ASICs), and MCMs shall also be subject to parts control and mc%ge Fdesign rev‘% i
appropriate for the individual technology. The design review s clude element g¥aluation to
assure each element’s reliability (review should include such#items 4s burn-in, Voltage
conditioning, sample size, element derating, etc.), dev1ce&§igstruct “#nd assembly process
(including materials evaluation for such items as contarfiin? ncerns metal whisker
concerns, and adequate material thermal matching; materials Spggis

A procurement specification may be require .
determination of the Government PPE. These’ pe tf
procured, and shall include physical, mechanicgl,
QA provisions necessary to control manufactutg#nd acceptance. Screening requirements
de51gnated for the part shall be included in the &ocurement specification. Test conditions, burn-
in circuits, failure criteria, an ectlon critetigeShall be included. For lot acceptance or
rejection, the Percentage offDefe s Allowab'l‘e (PDA) in a screened lot shall be in accordance
with that prescribed i 1n closesﬁl spe01ﬁcat10n.

< -.- -vvv .................

11.4.4 Plastic Encapsn%l Microcn'cults

vvvvv

st ;H-;?”;.aan sulate%%%romrcuits (PEMs) and plastic semiconductors is

B

discouragegb*i‘i’oweve Yehen use’ Fof PEMs is necessary to achieve unique performance

s
fife using hermetic high reliability microcircuits, plastic encapsulated
parts shial meet the re;lgiements of EEE-INST-002. The PCB shall review the procurement
specificat of part, and storage processes for PEMs, to assure that all aspects of

vvvvv

EEE- m@ﬁ%ha ﬁ%een met.

M

11.4.5 Vei‘ﬁe-ation Testing

&

Re-performance of screening tests, which were performed by the manufacturer or authorized test
house, as required by the military or procurement specification, are not required unless deemed
necessary by failure history, GIDEP Alerts, age, or other reliability concerns. If required, testing
shall be performed in accordance with GSFC EEE-INST-002, or as determined by the PCB.



11.4.6 Parts Approved on Prior Programs

Parts previously approved by GSFC for other projects via prior PCB activity or a Nonstandard
Parts Approval Request (NSPAR) shall not be granted “grandfather approval” on LDCM.

However, existing approval packages may be brought by the developer to the PCB as an aid to
present candidate parts for approval. (Preparation of NSPARs is not a requirement for LDCM.)

11.5 PART ANALYSIS

11.5.1 Destructive Physical Analysis &éggsfas‘ask
-
A sample of each lot date code of microcircuits, hybrid microcircuits, and %éconductor devices

may be subjected to a Destructive Physical Analy51s (DPA) based on P fymendation. All
other parts may require a sample DPA if it is deemed necessary by the¢ CB as tagieated by
failure history, GIDEP Alerts, or other reliability concerns. DPA ts,‘%rocedureé?%ﬂe size
and criteria shall be as specified in GSFC specification S-311-M£70, “Destructive Physical
Analysis.” If approved by the PCB, the developer’s procedugés for BPA may be used in place of
S-311-M-70 and shall be submitted with the PCB for cop@ﬁs@nce *to use. The PCB shall
consider variation to the DPA sample size requirementf’dﬁWt complexity, availability or
cost on a case-by-case basis. i

11.5.2 Failed EEE Parts

An EEE part failure is defined as a failure for'. e g pHetat
occurs while the part is operating within its spy%clﬁc + fﬁ . Emphasis shall be placed on
detection, analysis, and feedback of failure dat%@ﬁ‘mg unit level testing. The developer shall
have a method in place to report all EEE comp@ent failures. Failures occurring during EEE part
screening and qualification A@s{l;% eported. In¥iddition, failures that occur after the first
application of power at the ibly level ( d continuing through unit, subsystem and
system levels) during qg@fﬁcatlo nd ac ép&ﬁnce testing of flight hardware shall be reported.
The failure reporting shatts clu o5 tion of failed parts, notification within an approved
time of failure, retrleval of¢g ld/overstressed parts, part failure analysis, and documentation of
all pertinent information relz%g@ch failure. The failure reporting plan shall be documented
and presente‘ggﬁ%

11. Sf Failure Anal

vvvvv

Wbﬁ%&ponem pﬁ ailure Analysis (FA) is necessary to support a Failure Review Board

Ml fed report to the PCB for review and approval in order to assure proper
:45 presented for the FRB. The failure report form shall provide the following
information at a minimum:

* The failed part’s identity (part name, part number, reference designator, manufacturer,
manufacturing lot/date code, and part serial number if applicable), and symptoms by
which the failure was identified (the conditions observed as opposed to those expected).

* The name of the unit or subsystem on which the failure occurred, date of failure, the test
phase, and the environment in which the test was being conducted.
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* An indication of whether the failure of the part or item in question constitutes a primary
or secondary (collateral) failure (caused by another failure in the circuit and not a failure
on its own merit).

The completed failure report shall include copies of any supporting photographs, X-rays,
metallurgical data, microprobe or spectrographic data, Scanning Electronic Microscope (SEM)
photographs, pertinent variables (electrical and radiation) data, etc. Radiation data shall be
submitted where it is deemed relative to the failure mechanism.

11.6 ADDITIONAL REQUIREMENTS

11.6.1 Parts Age Control

All active EEE parts procured with date codes indicating that more thsﬁ< five ye 7\
from the date of manufacture to date of procurement shall be subjggted®o a re-scré d
sample DPA per PCB recommendation). Parts taken from useg;ﬁ‘ventory older thanfive years do
not require re-screen, provided they have been properly storgd (refetito Section 13). Proper
storage means maintaining the parts W1th1n their rated temgfigrature ﬁﬁe in an area protected

A gthat may affect their

*H D1 the leads or terminations).

R )

Storage areas shall be inspected and electrostatic discharge (ESD¥:gigt fied for proper equipment
and handling procedures in accordance with NSI/EDS S20. 20 “P?otectlon of Electrlcal and
Electronic Parts, Assemblies, and Equlpment R

Devices WTW.W ,{v.

" L
An alternate contractor method of controlling p%f’s age may be used upon review and approval
by the PCB. %

Eo)

v B
Parts over seven years fromﬂ?& %%of manufac%re to date of procurement are discouraged.
Exceptions shall be rev Aﬁ%@ed on ﬁ’ase b &%Q‘s‘e basis and require approval of the PCB. Parts
: et
stored i in uncontrolle. itiongH @Féfg@ may be exposed to ESD, the elements, or sources of

At

vvvvv

ined by the Givernment, the developer’s derating policy may be used in place of the
siifdelines and siall be submitted with the developer PCP for approval. The developer
documéntation on parts derating analysis and make it available for GSFC review.

11.6.3 Aﬁ%@

The developér shall be responsible for the review and disposition of all GIDEP Alerts on parts
proposed for flight use. In addition, any NASA Alerts and Advisories provided to the developer
by GSFC shall be reviewed and dispositioned. Alert applicability, impact, and corrective actions
shall be continuously documented and reported to GSFC. The review process shall continue
from delivery to launch.
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11.6.4 Prohibited Metals

Pure tin plating shall not be used in the construction and surface finish of EEE parts proposed for
space hardware. Only alloys containing less than 97% tin are acceptable.

The use of pure cadmium or zinc is prohibited in the construction and surface finish of space
hardware. All cadmium alloys or zinc alloys (e.g. brass) must be completely over plated with an
approved metal. The GSFC Materials Branch shall be consulted as necessary.

11.7 PARTS LIST P
il
The developer shall document and maintain a Program Approved Parts Lisg#2APL) and a Parts

e
Gt RN

Identification List (PIL) for the duration of the project. The contractor skl Sl
GSFC. Parts must be approved for listing on the PAPL before initiati@ﬁ of procueh ent activity.
All submissions to the LDCM Project shall include a computer compatible form (¥Migkssoft

Excel, Microsoft Access, etc.; consult GSFC PPE for acceptablgfformat).

yd
A

. . . 4 ‘
11.7.1 Parts Identification List ‘; %{E’% A ﬁ&

tracking candidate parts to the PCB. The PIL shall include the fol : wing information at a

minimum: part number, part name or descripracturer, mfanufacturer’s generic part

number, drawing number, specifications, COMHTERTREA% H <ar‘§ (to indicate problems, long lead
times, additional testing imposed, application%iiq 1gfhotesiétc). The PIL shall also have
radiation effects information on active devices%%&ﬁ as semiconductors, microcircuits and

optoelectronic parts. (CDRL SA-19) %
,"" w{‘{.
11.7.2 Program Approvﬁ%@ List %‘

’_:-E"
The PAPL shall be thgﬁ% listh%%@%ﬁ parts for flight hardware, and shall be the

e T e e

combined listing of all p#gsubiiiittcd through PILs that are approved by the PCB, plus approval
status and disposition notes? {£23ly parts that have been evaluated and approved by the PCB shall
be listed in th% RARE:The PCRisltl assure standardization of parts listed in the PIL across
various sy}tgﬁfs*a"ﬁiﬁ aes

Lt

11.7/‘5; As-Built P?List

SRR, 1
Bl Parts Lisg

o,
EEEAN
- 1;'&‘_4 k>

ABPL) shall also be prepared and submitted to the LDCM by the
Contractord TL)EABPL is generally a final compilation of all parts as installed in flight
equipment, witi#dditional “as-installed” part information such as manufacturer name,
Commercial gﬁd Government Entity (CAGE) code, Lot-Date code, part serial number (if
applicable), box identification and/or part location. Provisions shall be in place to find quantity
used and provide traceability to box or board location through build paperwork. The
manufacturer’s plant specific CAGE code is preferred, but if unknown, the supplier’s general
CAGE code is sufficient. (CDRL SA-19)
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11.8 DATA REQUIREMENTS

Attributes summary data shall be kept available to GSFC for all testing performed. Variable data
(read and record) shall be recorded for initial, interim and final electrical test points and shall be
kept available to GSFC.

For flight lots with samples subjected to Radiation Lot Acceptance Test (RLAT), the radiation
report that identifies parameter degradation behavior shall be provided to the PCB, and variables
data acquired during radiation testing shall be kept available to GSFC. 4%%3&,

11.8.1 Radiation Hardness

The developer shall have a method in place for retention of data generawﬁ?g ts tested and
used in flight hardware. The data shall be kept on file in order to fac1 te futur -assessment
and technical evaluation. In addition, the developer shall retain al&g@rfi&functlonal %’é‘s all
destructive and non-flight non-destructive test samples, which Aﬁe}ﬁhld be used for futyife validation
of parts for performance under certain conditions not previogély accaynted for. These devices
shall be kept until launch. Data shall be retained for the ug; mission, unless
otherwise permitted by PCB. &

All historical records and data required to support these records%bé retained for a period of

five years and shall be provided to GSFC on request. 5353‘
%Wﬁ% e
%’2
s

et
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12.0 CONTAMINATION CONTROL REQUIREMENTS

12.1 GENERAL

The developer shall plan and implement a contamination control program appropriate for the
hardware. The program shall establish the specific cleanliness requirements and delineate the
approaches to be followed in a Contamination Control Plan (CCP).

Contamination includes all materials of molecular and particulate nature whose prgsence
degrades hardware performance. The source of the contaminant materials may “tie hardware
itself, the test facilities, and the environments to which the hardware is expogst

ta

12.2  CONTAMINATION CONTROL VERIFICATION PROCES %5% .

The developer shall develop a contamination control verification 6}i%rocéi‘?ss The vers Satiof
process shall be performed in order:

*a

a. Determination of contamination sensitivity. égféyf %&

A

b. Determination of a contamination allowance. ‘%&g&

c. Determination of a contamination budget. ‘%%ﬁf
G

d. Development and implementation of §&méamination con@fol plan.
R e

vvvvvvvvvvvvv

Each of the above activities shall be documentad angﬁgﬁ')%ed to GSFC for
concurrence/approval. %&, &

12.3 CONTAMINATION C@TROL PL:

The developer shall prepagé'a CCE:
contamination (CDRL,&:;& 17) [t:5hall

Bifhat descrlbea‘s the procedures that will be followed to control
that will be used to nACaSYEE ngi’ ﬁérﬁtarﬁ%e levels of cleanhness required during each of the

SERRRAL S
'vv i

12.4 l\g}ATERIAL %GA‘SSING

In ac, nce with Asg/[ E595, NASA RP 1124 shall be used as a guide. Individual material
outgasm%@ata shall € established based on each component’s operating conditions.

Establishé @;\eng&%utgassmg data shall be verified and shall be reviewed by GSFC.
W

vvvvvv

125 THERMAL VACUUM BAKEOUT

The developer shall perform thermal vacuum bakeouts of all hardware. The parameters of such
bakeouts (e.g., temperature, duration, outgassing requirements, and pressure) shall be
individualized depending on materials used, the fabrication environment, and the established
contamination allowance. Thermal vacuum bakeout results shall be verified and shall be
reviewed by GSFC.
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12.6 HARDWARE HANDLING

The developer shall practice cleanroom standards in handling hardware. The contamination
potential of material and equipment used in cleaning, handling, packaging, tent enclosures,
shipping containers, bagging (e.g., anti-static film materials), and purging shall be described in
detail for each subsystem or component at each phase of assembly, integration, test, and launch.

&éﬁ?ﬁ%ﬁk
P
{ Y .
ra 4
é@& ok
P '{%%g&
W

#
|
e 4
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13.0 ELECTROSTATIC DISCHARGE CONTROL

13.1 GENERAL

The developer shall document and implement an ESD Control Program to assure that all
manufacturing, inspection, testing, and other processes will not compromise mission objectives
for quality and reliability due to ESD events.

13.2 APPLICABLE DOCUMENTS

s,
The current status and/or any apphcatlon notes for these standards can be obt@iﬁed at

2

electronic parts, assemblies, and equipment (excluding electrlcalléﬁlt?ated explo%%@é{wces)

However, if a specific revision is listed for a referenced stangﬁfd ortg;hat revision is approved

for use unless otherwise approved by project manageme% s

S, 25

4“4
13.3 ELECTROSTATIC DISCHARGE CONTROL%REMENTS

vvvvv

The developer shall document and implement an ESD Control l%%ﬂ‘n in accordance with
ANSI/ESD S20.20, “Protection of Electrical angd Electronic Parts,/Assemblies and Equipment
(excluding electrically initiated explosive de rlﬁw,gﬁprotect the most sensitive
component involved in the project. At a minirum, t ontrol Program shall address
training, protected work area procedures and V&lf&atlon schedules, packaging, facility

maintenance, storage, and shipping.

%’&%

All personnel who manufactwﬁ%ect test, ot%fmse process electronic hardware, or require
unescorted access into ESBprote d areas shafl be certified as having completed the required
training, appropriate t%g inva iementons deﬁned in ANSI/ESD S20.20 or in the developer’s
quality manual prior<o hagidting dny clectr

158 all be ””””” €tured, inspected, tested, or otherwise processed only at
Glective workigteas. These work areas shall be verified on a regular schedule

vvvvv

designated Eﬁ
as 1den;1§,ed in the de er’s/ESD Control Program; an ESD Control Program that has been
approv by the procur 1% organization.

Electrordware slﬁll be properly packaged in ESD protective packaging at all times when
not activel ‘%g m’anufactured inspected, tested, or otherwise processed.
e

vvvvvv

Alternate stan rds may be proposed by the developer. Their use is limited to the specific project
and is allowed only after they have been reviewed and approved by the GSFC Project Office.
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Materials selected for packaging or protecting ESD sensitive devices shall not leach chemicals,
leave residues, or otherwise contaminate parts or assemblies (e.g., "pink poly" is well known for

its outgassing of contaminants and should only be used for storing documentation or other non-
hardware uses).
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14.0 GIDEP ALERTS AND PROBLEM ADVISORIES

14.1 GENERAL

The developer shall participate in the GIDEP in accordance with the requirements of the GIDEP
SO300-BT-PRO-010 (“GIDEP Operations Manual”) and SO300-BU-GYD-010 (“Government-
Industry Data Exchange Program Requirements Guide”), available from the GIDEP Operations
Center, Post Office (PO) Box 8000, Corona, California 92878-8000.

The developer shall review all GIDEP Alerts, GIDEP Safe-Alerts, GIDEP Pro dvisories,
GIDEP Agency Action Notices, NASA Advisories and any informally docupgénted component
issues presented by Code 303, to determine if they affect the developer pmﬁ@ produced for
NASA. For the above mentioned alerts and advisories that are determipéd to ",

the developer shall take action to eliminate or mitigate any negative ¢ffect to an AEoRy

S

"

The developer shall provide a matrix that shows whether or n%ﬁ‘ﬁDEPs and relate%erts impact
their hardware and this matrix shall be maintained and updatéd as néwy alerts are issued or new
hardware is received. It is the developers’ respon51b111ty t@ﬁfm‘iewh pdate this matrix during
the life of the project. i

vvvvv

The developer shall generate the appropriate failure experience port(s) (GIDEP Alert,
GIDEP Safe-Alert, GIDEP Problem Advisory) on a monthly basish accordance with the
requirements of GIDEP SO300-BT-PRO- 01(&@@@@;@9 BU- GY“D 010 whenever failed or
nonconforming items, available to other buye‘%z ar% IVCEE durlng the course of the contract.

&
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15.0 APPLICABLE DOCUMENTS LIST

DOCUMENT DOCUMENT TITLE
AFSCM 91-710 Range Safety Users Requirements Manual
ANSI/ASQC Q9000-3 Quality Management and Quality Assurance Standards — Part 3:

Guidelines for the Application of ISO 9001 to the

Development, Supply and Maintenance of Softwv%rs
T

ANSI/ISO/ASQ Q9001:2000  American National Standard Quality Systeng§5y Model for
Quality Assurance in Design, Developrr}g%%oductlon
Installation and Servicing & ek

ANSI/IPC-A-600 Acceptability of Printed Boardsﬁg&c & %%%%&ﬁ

ASTM E-595 Standard Test Method for Tmﬁ Mass Loss and Cﬁ:cted
Volatile Condensable Mgﬁflals frg&a@utgassing in a Vacuum
Environment ,@%%v A @ﬁ

FAR Federal Acquisition Regulau%%

GIDEP S0300-BT-PRO-010 GIDEP Opegations Manual }5"

mﬁ%w\r . "

GIDEP S0300-BU-GYD-010 Govemmen%n&ﬁ?ﬁ%w&hange Program Requirements
Guide $

GMI 1700.2 Goddard Spac%f‘ Flight Center Health, and Safety Program

GPR 1060.2 ﬁ%agement @(ﬁew and Reporting for Programs and Projects

GPR 8621.1 i

GPR 8621.2

GPR 8621. 3 ﬁﬁ&%ﬁ& %&Jshap, Incident, Hazard, and Close Call Investigation

GPR 87,(30 4 g%% d Technical Review Program
GPR‘%%@ &%? Engineering Peer Reviews
S 93‘
GSFC- sf%%o L General Environmental Verification Standards (GEVS) for
* 3 Flight Programs and Projects
y’”
GSFC S-312-P003 Procurement Specification for Rigid Printed Boards for Space
Applications and Other High Reliability Uses
GSFC EEE-INST-002 Instructions for EEE Parts Selection, Screening, and
Qualification and Derating
IEEE STD 610.12 IEEE Standard Glossary for Software Engineering Terminology
IEEE STD 730 IEEE Standard for Software Quality Assurance Plans
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IEEE STD 982.1 IEEE Standard Dictionary of Measures to Produce Reliable

Software
IEEE STD 982.2 IEEE Guide for the Use of IEEE Standard Dictionary of

Measures to Produce Reliable Software
IPC A-600 Acceptability of Printed Boards
IPC-A-610 Acceptability of Electronic Assemblies "~

i

IPC/EIA J-STD-001 Requirements for Soldered Electrical and E]gCtronic

Assemblies &%%z
IPC-2221 Generic Standard on Printed Board @mgn %%%%M’
IPC-2222 Sectional Design Standard fo&&g‘i‘d Organlc Prm@ﬁoards
IPC-2223 Sectional Design Standaa%ﬁor Fle)g%%e Printed Boards
IPC-6011 Generic Performance vSvﬁvev-v__w
IPC-6012 Qualification and Performanc e

Boards ;

IPC-6013 Qualificatioi:d _ :’“ € Specification for Flexible
Printed Boarg jf g
}a{' Ed
IPC-6018 Microwave E@ Product Board Inspection and Test
ISO 17025 ‘*%eral Requl%ﬁénts for the Competence of Testing and
J&g gﬁlbratlon Laboratories
KHB 1860.1 v o SREESMIZing Radiation Protection Program
KHB 1860.2 ‘55% S¢ Non-lonizing Radiation Protection Program

KNPR 871@5’3X ’“’5‘%5 i}’KSC Safety Practices Procedural Requirements
MIL%%;( =217 i Reliability Prediction of Electronic Equipment

Designing and Developing Maintainable Products and Systems

Maintainability Prediction

MIL-PRF-19’§>60 General Specification for Semiconductor Devices

MIL-PRF-38534 General Specification for Hybrid Microcircuits

MIL-PRF-38535 General Specification for Integrated Circuits (Microcircuits)
Manufacturing
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MIL-PRF-55365/4

MIL-STD-461

MIL-STD-756
MIL-STD-882
MIL-STD-883
MIL-STD-981

MIL-STD-1629

MSFC 3029

MSFC CR 5320.9

MSFC-HDBK-527
NASA RP-1124
NASA RP-1161

NFS 1815.201

N
NFS 18 ﬁOOI 5%%

%&&5&9’

et

NFS 1846. 401‘%"

NHB 1700.1
NPD 7120.4
NPD 8700.1
NPD 8710.2

General Specification for Established Reliability and
Nonestablished Reliability of (Tantalum) Chip Fixed
Electrolytic Capacitors

Electromagnetic Emission and Susceptibility Requirement for
Control of Electromagnetic Interference

Reliability Modeling and Prediction

System Safety Program Requirements égg}a"'

il
DoD Test Method Standards for Microm

S,
Design, Manufacturing and Quality tandard ustom
Electromagnetic Devices for Spaﬁ,e A’pphcatlons‘éﬁﬁ%ﬁf

Procedures for Performmg a,:?zg ilute Mode Effects’and
Criticality Analysis aﬁé@

vvvvvvvv

Corrosion Cracking Res1stan‘ :
Environments

e .
5 vr+.. F,ai%g&e' Mode Effects Analysis and

“les

Material Seleé}gbn List for Space Hardware Systems

%%}gassmg Da‘%cﬁdr Selecting Spacecraft Materials

=2 NASA Federal Acquisition Regulation Supplement Exchanges

‘%@‘ﬁl Industry before Receipt of Proposals

7 NASA Federal Acquisition Regulation Supplement Safety and

Health NASA Solicitation Provisions and Contract Clauses

NASA Federal Acquisition Regulation Supplement Source
Selection Proposal Evaluation

NASA Federal Acquisition Regulation Supplement
Government Contract Quality Assurance General

NASA Safety Policy and Requirements Document
Program and Project Management
NASA Policy for Safety & Mission Success

NASA Safety and Health Program Policy
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NPD 8710.3
NPR 5100.4
NPR 7120.5

NPR 7150.2
NPR 8621.1

NPR 8715.3
NPR 8000.4
NASA-STD 8719.8

NASA-STD 8719.9
NASA-STD 8719.13
NASA-STD 8719.14

NASA-STD 8739.1

NASA-STD 8739.2

F g

NASA-STD 8739.3 &

NASA Policy for Limiting Orbital Debris Generation
NASA FAR Supplement

NASA Program and Project Management Processes and
Requirements

NASA Software Engineering Requirements

NASA Procedures and Guidelines for Mlshap R@ﬁ@mng,

Investigating, and Record Keeping ,65’
NASA Safety Manual ﬁ%%
Risk Management Procedural Requfgments %ﬁ‘ﬁy

r
Expendable Launch Veh1cle )P?fyloads Safety Revigw Process
Standard
NASA Standard for Lfti

Guidelines m ssment Procedures for Limiting Orbital
Debris R ey

51 v-.-y-vv el

Workmanshqgssggfndard r Staking and Conformal Coating of
Printed WiringiBoards and Electronic Assemblies

. ®
ﬁ%rkmanship %ndard for Surface Mount Technology
ﬁ&Wp Standard for Soldered Electrical Connections

M&&S&k m&&%&&w

NASA-STD 8739.4 7 4

w

i %
NASA- STW” 5’“’5% i

o
NSX%M &%?

S-302-89-01 vg;
S-311-M-70
SAE AS9100
SAE JA1002

300-PG-7120.2.1

..........

Workmanship Standard for Crimping, Interconnecting Cables,
‘5‘% arnesses and Wiring

;’W orkmanship Standard for Fiber Optic Terminations, Cable
Assemblies and Installation

Guidelines and Assessment Procedures for Limiting Orbital
Debris

Procedures for Performing a Failure Mode and Effects Analysis
Specification for Destructive Physical Analysis

Aerospace Standard, Quality Systems Model for Quality
Assurance, Design, Development, Production, Installation and
Servicing

Software Reliability Program Standard

Mission Assurance Guidelines (MAG) Implementation
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302-PG-7120.2.1
541-PG-8072.1.2
540-PG-8715.1.1
540-PG-8715.1.2

Mission Assurance Guidelines Implementation
GSFC Fastener Integrity Requirements

Mechanical Systems Division Safety Manual, Volume I

Mechanical Systems Division Safety Manual, Volume II
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Appendix A. Abbreviations and Acronyms

Abbreviation/
Acronym DEFINITION

ABPL As-Built Parts List
ABML As-Built Materials List
ADMPL As-Designed Materials and Processes List
AFSPC Air Force Space Command
ANSI American National Standards Institute r
AR Acceptance Review o
ASIC Application Specific Integrated Circuits g, *
ASQ American Society for Quality xﬁww
ASQC American Society for Quality Control & W
ASTM American Society for Testing of M,gﬁ@als gm
BB Ball Bearing a *?‘
BGA Ball Grid Array k.
C Centigrade k 4
CAGE Commercial and Goverament Entity v
CCB Configuration Control mmﬁmﬁw V
CCP Contamination Control Fian _ﬁf s
CCR Configuration Change Ré}lg,é‘st g
CDR Critical Design Review QQ
CDRL Contract Rekivery Requirégnts List
CFR Codeﬁ%l Regulatlg%"?
CIL Cgﬁcal Itet@g Llst ISt et
CM il
CMO
CO eoontintéigiscillation
COB S on Beid
COTR #? %ractmg Officer Technical Representative
COTSU,M Cm?nmercml Off-the-Shelf
CPW% @g}ltlmeters per minute
CRM i, _#Continuous Risk Management
CRMS \%yyﬁ Continuous Risk Management System
CS %" Continuous Sliding
CSCI ” Computer Software Configuration Item
CUR Continuous Unidirectional Rotation
CVCM Collected Volatile Condensable Mass
DID Data Item Description
DoD Department of Defense
DOORS Dynamic Object Oriented Requirements System
DPA Destructive Physical Analysis
DSCC Defense Supply Center Columbus

vvvvv
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Abbreviation/
Acronym

EEE
EIA
EIDP
EIS
ELDR
ELV
EMC
EMI
ESD
ESMD
ETA
ETM
ETR
EVA
EWR
FA
FAP
FAR
FCA
FETs
FMEA
FOR
FRB
FRR
FTA
FY

G

DEFINITION

Electrical, Electronic, and Electromechanical
Electronics Industry Alliance

End Item Data Package

Environmental Impact Statement

Enhanced Low Dose Rate

Expendable Launch Vehicle
Electromagnetic Compatibility

Electromagnetic Interference

Electrostatic Discharge i
Exploration Systems Mission Directorate 5
Event Tree Analysis R
Environmental Test Matrix A

Eastern Test Range

Extravehicular Activity S,
Eastern and Western Test Ranges i,
Failure Analysis kT
Flight Assurance Procegure ) 4

ri

Functional Conﬁguratloﬁg; AuditF s
Field Effect Transistors i % _,;?‘E‘x rd
Failure Modes and Effecféﬁ%nalysw
thht Opggggons RGVIGWW

GDS ﬁﬁ%ﬁ%@und W’ystem
i

GEVS &
GFE &

GHB

A

GIA i

v-.;)-vv‘y

ral Efivironmental Verification Standards
Gﬁ&mment Furnished Equipment
Gwddard Space Flight Center Handbook

,lgovernment Inspection Agency

GIDEP \% ijovernment Industry Data Exchange Program

GMI ‘%ﬁ‘”’
GOTS e
GPMC

GPR

GSE

GSFC

hrs

HTL

HQ

Goddard Management Instruction
Government Off-the-Shelf

Governing Program Management Council
Goddard Procedure and Guidelines
Ground Support Equipment

Goddard Space Flight Center

hours

Hazard Tracking Log

Headquarters




Abbreviation/
Acronym

I&T
IAC

IEEE

IR

[IRT

INST

10

IPC

IR

IS

I1SO

V&V

JsC

KHB

KSC

LAO
LDCM
LRU

M

M&P
M&PCP
MAE
MAG
MCM
MEB

MIL

MLD

mm
MOR &
MOSFEf's

MOES 2,
MPCP i,
MRB -
MRR 4
MSEC d
MSPSP

MSR

MUA

NASA

NCR

NHB

NPD

DEFINITION

Integration and Test

Independent Assurance Contractor

Institute of Electrical and Electronics Engineers
Integrated Independent Review

Integrated Independent Review Team
Instruction i
Intermittent Oscillation il
Association Connecting Electronics Industries
Intermittent Rotation i
Intermittent Sliding )
International Organization for Standardmg@ai%%“>
Independent Verification and Vahdatlggaia‘ @ d
Johnson Space Center »

Kennedy Space Center
Large Angle Oscillation :
Landsat Data Continuit‘x Mission -4

"““WMWMW
Million %'é SR
Materials and Processes % _,f rd
Materials and Processes @ntrol Program

Materlals @g§urance Engﬂ@gen

Mastgﬁ;?éfg‘lv Diagram
S llimer

‘f&;ﬁ\

tsion Qperatlons Review
N@ﬁal Oxide-Semiconductor Field Effect Transistors
Mg#dified Off-the-Shelf

.,;ﬁiaterials and Processes Control Plan
%, &7 Materials Review Board

Mission Readiness Review

Marshall Space Flight Center

Missile System Pre-Launch Safety Data Package
Monthly Status Review

Materials Usage Agreement

National Aeronautics and Space Administration
Nonconformance Report

NASA Handbook

NASA Policy Directive



Abbreviation/
Acronym

NPR
NPSL
NSF
NSPAR
NSS
Oz
O&SHA
ODA
OHA
OPM
OSSMA
PAPL
PCA
PCB
PCP
PDA
PDR
PEM
PER
PFR
PG
PHA
PIL
PIND
POCC
PPE
PPL
PQR

PRE ﬁﬁ”
PSMiis,

A

PSR i,

M

PSSSMA & & Performance Specification Sheet for Space and Military Avionics

PTFE
PWB
PWQ
QA
QCM
QMS
R&M
RBAM
RDM

SR
4
r

Ed

DEFINITION

NASA Procedural Requirements
NASA Parts Selection List

NASA Federal Supplement
Nonstandard Parts Approval Request

NASA Safety Standard e

Oxygen g
yge &

Operating and Support Hazard Analysis ﬁg

Orbital Debris Assessment r: N

Operational Hazard Analysis ;:g@e'y %‘e%&.‘

Oscillation per minute " ) “ﬁ%@g

Office of Systems Safety and Mission Asggffé’iﬁ%:e )

Project Approved Parts List “’3‘ ™~ s

Physical Configuration Audit i S,

Parts Control Board S

Parts Control Plan 6‘%‘5&;‘ _

Percentage of Defective Allowable x’%ﬁﬁw’

Preliminary Design Re&ew 1:53?

Gk ¢ i

Plastic Encapsulated M
Pre-Environmental Revﬁw w;,;;;gwﬁww
Problem/Failure Report & _# e
Procedures and Guidelin%‘”ﬁ
Preliminary,Hazards Analgsis,

Parts Ldﬁﬁ%tlon List ;‘?’

Pargfﬁe Impgf:t Noise Q@tectlon

Rﬁ@gd Om%?ntrol Center

..........

"Pro irts Engineer

Preferf‘é&i?,arts Llst

%ablhs«ty ic R1sk Assessment
P@ect Radiation Engineer
P#dject Safety Manager

,ffe Shipment Review

Polytetrafluoroethylene

Printed Wiring Board

Process Waste Questionnaire

Quality Assurance

Quartz Crystal Microbalance

Quality Management System
Reliability and Maintainability
Risk-Based Acquisition Management
Radiation Design Margin



Abbreviation/
Acronym

SB
SC
SCC
SCM
SCR
SEB
SEC
SEGR
SEE
SEL
SEM
SET
SEU
SHA
SMA
SOW

SRO m%a

SRP &
SRR &

5 Al
SSHA &,

M

DEFINITION
Radio Frequency
Request for Action
Radiation Lot Acceptance Test
Risk Management Plan

Reliability Program Plan
Revolutions Per Minute
Requirements Verification matrix

Society of Automotive Engineers

System Assurance Manager P
Small Angle Oscillation " 5
Safety Assessment Report A
Sleeve Bearings £ e
Spacecraft A S
Stress Corrosion Cracking S
Software Configuration Management m%,% .
System Concept Review kT
Single-Event Burn-Out_ ) 4
Sliding Electrical Cont%gﬁﬁw vvvvvvvvv s

bbb

Single-Event Gate Ruptiire . toas
Single-Even Effects &% . &
Single-Event Latch up :,%;*

Scanmng E}gptromc Mlcrﬁcope

Safgtmd MlSSlOl’l Assurance

Stateniesinf Work
temsz Office
jem Reéview Program
Sﬁem Requirements Review
Shitling Surface

,_gﬁbsystem Safety Hazard Analysis

SSPP . & System Safety Program Plan

STD o
STS e
STT

SWG

SWRR

TID

TIG

TIM

TML

Standard

Space Transportation System
Strategy-to-Task-to-Technology
Safety Working Group
Software Requirements Review
Total Ionizing Dose

tungsten inert gas

Technical Interface Meeting
Total Mass Loss

R



Abbreviation/
Acronym

TRR
U.S.
Uuv
V&V
VDD
VTL
WOA

DEFINITION

Test Readiness Review

United States

Ultraviolet

Verification and Validation

Version Description Document .
Verification Tracking Log ,55} T
Work Order Authorization -




Appendix B. Glossary/Definitions
The following definitions apply within the context of this document:

Acceptance Tests: The validation process that demonstrates that hardware is acceptable for
flight. It also serves as a quality control screen to detect deficiencies and, normally, to provide
the basis for delivery of an item under terms of a contract.

Assembly: See Level of Assembly. .
455‘"‘“'5
Audit: A review of the developer’s or sub-developer’s documentation or har@%re to verify that

it complies with project requirements. x?% %
A

vvvvv

Collected Volatile Condensable Material (CYCM): The quantity o@utgass tter t;rom a

test specimen that condenses on a collector maintained at a specifig, cofistant temp for a

specified time. xgﬁﬁ‘ﬁ“’
P

Component: See Level of Assembly. ﬁf ;%xz

v"vvv e

Configuration: The functional and physical characteribtics’ 3 payload and all its integral
parts, assemblies, and systems capable of fulfilling the fit, forni funetional requirements
defined by performance specifications and engineering drawings.* Sgﬁﬁ"

Configuration Control: The systematic eva@%ﬁ%@é@a%ﬁand formal

. N B i
approval/disapproval of proposed changes, ingluding; é%?’émentatlon of all approved changes
to the design and production of an item with a n,ﬁ%urati formally approved by the
developer/purchaser/both.

@ﬁs&‘%

Configuration Managemen : The systertgatic control and evaluation of all changes to
baseline documentation ané‘”sub ent changes'to that documentation which define the original
scope of effort to be ac@lphshe @Wmd reference documentation) and the systematic
control, 1dent1ﬁcat10n’?‘x'i%> fittiig and verification of all configuration items.

performance A

Contamination: resenﬁ% fanaterials of molecular or particulate nature, which degrade the
o of Eé%& vvvvv S

P
Derating: The reductid bf the applied load (or rating) of a device to improve reliability or to
perm%%atwn at hlg}gamblent temperatures.

Des1gn
physical reg e ts for an article, usually at the component level or higher levels of assembly.
In its initial fofi, the design specification is a statement of functional requirements with only
general coverage of physical and test requirements.

The design specification evolves through the project life cycle to reflect progressive refinements
in performance, design, configuration, and test requirements. In many projects, the end-item
specifications serve all the purposes of design specifications for the contract end-items. Design
specifications provide the basis for technical and engineering management control.

Designated Representative: An individual (such as a NASA plant representative), firm (such as
assessment developer), Department of Defense (DoD) plant representative, or other government
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representative designated and authorized by NASA to perform a specific function for NASA. As
related to the developer’s effort, this may include evaluation, assessment, design review,
participation, and review/approval of certain documents or actions.

Destructive Physical Analysis (DPA): An internal destructive examination of a finished part or
device to assess design, workmanship, assembly, and any other processing associated with
fabrication of the part.

Design Qualification Tests: Tests intended to demonstrate that an item will func@%l within
performance specifications under simulated conditions more severe than thosqﬁpected from
ground handling, launch, and orbital operations. Their purpose is to uncovegideficiencies in
design and method of manufacture. They are not intended to exceed des}%gﬁ% gy margins or to

introduce unrealistic modes of failure. The design qualification tests 13%@’5/ be to%iH] “prototype”
or “protoflight” test levels. e R G o

e "
Discrepancy: See Nonconformance. & #

%

Electromagnetic Compatibility (EMC): The conditioq@kpre\@i ’hen various electronic

devices are performing their functions according to desfgrf?%%ﬁlmon electromagnetic
environment. s

kK #

’&{% S

Electromagnetic Interference (EMI): Electromagnetic energy, witich interrupts, obstructs, or
otherwise degrades or limits the effective pe o in;qlectri,cﬁyl equipment.
R
Electromagnetic Susceptibility: Undesired r%poqségby%mponent, subsystem, or system to
conducted or radiated electromagnetic emissiol 5" ’
%

End-to-End Tests: Tests perfozs
elements of the payload, it§6‘¢§ﬁ ,,
demonstrate that the en%”Syste S oper%%%g’in a manner to fulfill all mission requirements and
Ob. 1 " ."' .éﬁ.m

jectives. ;é‘%\_%ﬁb} SRR

2 5 - i

Failure: A departure fro

mance.

,j.iﬁéw "k 35‘? ‘

Failure Modes, E fec%nd Criticality Analysis (FMECA): A procedure by which each
crediblg’failure mode ofigach item from a low indenture level to the highest is analyzed to
detef sthe effects Q@Q?;he system and to classify each potential failure mode in accordance

with the%gxerity of ité effect.
gy o

Flight Acceﬁ%@f&: See Acceptance Tests.
e

Fracture Control Program: A systematic project activity to ensure that a payload intended for
flight has sufficient structural integrity as to present no critical or catastrophic hazard. Also, to
ensure quality of performance in the structural area for any payload (spacecraft) project. Central
to the program is fracture control analysis, which includes the concepts of fail-safe and safe-life,
defined as follows:
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a. Fail-safe: Ensures that a structural element, because of structural redundancy, will not
cause collapse of the remaining structure or have any detrimental effects on mission
performance.

b. Safe-life: Ensures that the largest flaw that could remain undetected after non-destructive
examination would not grow to failure during the mission.

Functional Tests: The operation of a unit in accordance with a defined operational procedure to
determine whether performance is within the specified requirements. $g%

Hardware: As used in this document, there are two major categories of hardivare as follows:

a. Prototype Hardware: Hardware of a new design; it is subject to# destgiazgualification test

program and is not intended for flight. :
S

b. Flight Hardware: Hardware to be used operationally 1n§ﬁ%%%’ It includes thﬁ%llowmg

subsets: %
oy

(1) Protoflight Hardware: Flight hardware of a W diisignsubject to a qualification test
program that combines elements of prototype and*#}i&ht acceptance verification; that
is, the application of design qualification test levels %ﬁlon of flight acceptance

tests.

(i1) Follow-On Hardware: Flight hardgm i gpdance with a design that has been

qualified either as prototype or as ﬁ%otoﬂ}ght %are follow-on hardware is subject
to a flight acceptance test program. # ¢

e

(ii1)Spare Hardware: Hardware whose d%sigp has been proven in a design qualification
test program, subj : flight accepiéince test program and used to replace flight
hardware that j§'no logr acceptaglg for flight.

Inspectloas”"@lyhe proc f meaSuring, examining, gauging, or otherwise comparing an article or
serv1ce,ﬁ{1th specified rgguirements.

Insf;'u it: See Levgﬁy of Assembly.

eibly: The environmental test requirements of LEVR generally start at the
component ogﬁﬁt-level assembly and continue hardware/software build through the system
level (referred to in LEVR as the payload or spacecraft level). The assurance program includes
the part level. Verification testing may also include testing at the assembly and subassembly
levels of assembly; for test recordkeeping these levels are combined into a “subassembly” level.
The verification program continues through launch, and on-orbit performance. The following
levels of assembly are used for describing test and analysis configurations:
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a. Part: A hardware element that is not normally subject to further subdivision or
disassembly without destruction of design use. Examples include resistor, integrated
circuit, relay, connector, bolt, and gaskets.

b. Subassembly: A subdivision of an assembly. Examples are wire harness and loaded
printed circuit boards.

e

Assembly: A functional subdivision of a component consisting of parts or subassemblies
that perform functions necessary for the operation of the component as a \%Ie
Examples are a power amplifier and gyroscope. égs’r

d. Component or unit: A functional subdivision of a subsystem and @%Jy a self-
contained combination of items performing a function necessagy s
operation. Examples are electronic box, transmitter, gyro pac
battery. For the purposes of this document, “component” gk unlt” are uset
interchangeably. "eg 7

vvvvvvvv

subdivision of a subsystem, module, etc. A section %ﬁ testable level of assembly,
such as components/units mounted into a structural mdﬁﬁ tray or panel-like assembly,
or components that are stacked. %

f.  Subsystem: A functional subdivision m‘,;.:..' aad co nsw}fhg of two or more components.
Examples are structural, attitude contri “ef&gﬁ%&r and communication
subsystems. Also included as subsystetfis gﬁ?fhe payload are the science instruments or
experiments. %ﬁ‘

g. Instrument: A spacecrafttibsystem con Sst g of sensors and associated hardware for
making measuremegts or 'éﬁ-i ervations ig"space. For the purposes of this document, an
instrument is cg&ﬁdered %%g@féf the spacecraft).

A, AR
h. Module A major%%qsmn of the payload that is viewed as a physical and functional

nalysis, manufacturing, testing, and record keeping. Examples
ce payload and upper stage vehicle.

Py
Py

1. @fzyload An intgg ated’assemblage of modules, subsystems, etc., designed to perform a
’:‘- ecified m1ssm§yin space. For the purposes of this document, “payload” and
AN ¥Spacecraft” argfused interchangeably. Other terms used to designate this level of

a%%lg agg&]:aboratory, Observatory, and satellite.

J- Spaceéﬁwft See Payload. Other terms used to designate this level of assembly are
Labopéftyory, Observatory, and satellite.

Limit Level: The maximum expected flight.

Limited Life Items: Spaceflight hardware that (1) has an expected failure-free life that is less
than the projected mission life, when considering cumulative ground operation, storage and on-
orbit operation, and (2) has limited shelf life material used to fabricate flight hardware.
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Maintainability: A measure of the ease and rapidity with which a system or equipment can be
restored to operational status following a failure. It is characteristic of equipment design and
installation, personnel availability in the required skill levels, adequacy of maintenance
procedures and test equipment, and the physical environment under which maintenance is
performed.

Margin: The amount by which hardware capability exceeds mission requirements.

Mission Assurance: The integrated use of the tasks of system safety, reliability agsurance
engineering, maintainability engineering, mission environmental engineering, graterials and
processes engineering, electronic parts engineering, quality assurance, softwie assurance,

configuration management, and risk management to support NASA proj {5;&%
Module: See Level of Assembly. 'Qg; %%%% S

Monitor: To keep track of the progress of a performance assu}aﬁce activity; the moffitor need

not be present at the scene during the entire course of the i%a‘vny, bt w111 review resulting data
or other associated documentation (see Witness). B

P ~:,\--.- e

Nonconformance: A condition of any hardware, software, n jal, or serv1ce in which one or
more characteristics do not conform to requlrements As apphe &

departure from specification that is detected dii:
while the hardware or software is not functiori *
specification that is discovered in the functionis

g _gxfxopera on of the hardware or software.

I

Offgassing: The emanation of volatile matter oﬁany kind from materials into a manned

t >

ressurized volume. o
p N

Outgassing: The emana%n of v tlle mategidls under vacuum conditions resulting in a mass

loss and/or material c 7'surfaces.
o

---------------
] o

Part: See Level of Assemby v%%b‘ '
Payload: Sgﬁﬁ%%ﬁemb%@&

Perfoggﬁqnce Verlﬁca’l%n Determination by test, analy51s or a combination of the two that the
pa}:;ﬂ% ement can opérate as intended in a particular mission; this includes being satisfied that
the desigéist the paylead or element has been qualified and that the particular item has been

acceptedv% Aﬁﬁe design and ready for flight operations.
it

b

Protoflight Tgytmg See Hardware.
Prototype Testing: See Hardware.
Qualification: See Design Qualification Tests.

Red Tag/Green Tag: Physical tags affixed to flight hardware that mean: red (remove before
flight) and green (enable before flight).
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Redundancy (of design): The use of more than one independent means of accomplishing a
given function.

Reliability: The probability that an item will perform its intended function for a specified
interval under stated conditions.

Repair: A corrective maintenance action performed as a result of a failure so as to restore an
item to operate within specified limits.

&
Rework: Return for completion of operations (complete to drawing). The artic be
reprocessed to conform to the original specifications or drawings. %
Section: See Level of Assembly. - i,

Similarity: Verification by: a procedure of comparing an item to g;sintilar one thé 55
verified. Configuration, test data, application and environment il be evaluated. § should be
determined that design differences are insignificant, env1r0n(§rf§ntal ss will not Be greater in
the new application, and that manufacturer and manufac}@g(g me& are the same.

FRRG

ich would result in loss of

Single Point Failure: The failure of a single hardware eleméigia
ésg%;eation or project for which

mission objectives, hardware, or crew, as defined for the spec1 i

a single point failure analysis is performed. &
%%m 7
Spacecraft: See Level of Assembly. i «w&%%gﬁﬁﬁﬁ
% A
Subassembly: See Level of Assembly. % j‘ﬁ
Ha
Subsystem: See Level of Assembly. %

Temperature Cycle: A tr@gﬁ%‘ 01%0m some i 1al temperature condition to temperature
stabilization at one extrgge and t)lgn to t Wature stabilization at the opposite extreme, then
returning to the initial ra tm@c

Temperature Stablllzatlon‘% copdition that exists when the rate of change of temperatures
e pant whe test item may be expected to remain within the specified test
tolerance ggﬁhe nece: duratfon or where further change is considered acceptable.

A Balance TestEA test conducted to verify the adequacy of the thermal model, the
#e3nf the thermaf design, and the capability of the thermal control system to maintain
thermal gdions within established mission limits.

Thermal—Vaéﬁiﬁn Test: A test conducted to demonstrate the capability of the test item to
operate satisfde torily in vacuum at temperatures based on those expected for the mission. The
test, including the gradient shifts induced by cycling between temperature extremes, can also
uncover latent defects in design, parts, and workmanship.

Torque Margin: Torque margin is equal to the torque ratio minus one.

Torque Ratio: Torque ratio is a measure of the degree to which the torque available to
accomplish a mechanical function exceeds the torque required.
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Total Mass Loss (TML): Total mass of material outgassed from a specimen that is maintained
at a specified constant temperature and operating pressure for a specified time.

Unit: See Level of Assembly.

Validation: The process of evaluating software during, or at the end of, the software
development process to determine whether it satisfies specified requirements.

Verification: The process of evaluating software to determine whether the produgts of a given
development phase (or activity) satisfy the conditions imposed at the start of tgg?ﬁﬁse (or
activity). &

S

Vibroacoustics: An environment induced by high-intensity acoustic ngi&e a‘sé%i with

various segments of the flight profile; it manifests itself throughout t@payloa ¢ form of
directly transmitted acoustic excitation and as structure-borne randam Vibration. %G

xg'y
Workmanship Tests: Tests performed during the env1r0n1r¥gfftal vegification program to verify
adequate workmanship in the construction of a test item. L5 x%‘essary to impose stresses
beyond those predicted for the mission in order to uncover? o Thus random V1brat10n tests
are conducted specifically to detect bad solder joints, loose of* HIEs]
mounted parts, etc. Cycling between temperature extremes durin al-vacuum testing and
the presence of electromagnetic interference during EMC testing cﬁi’i also reveal the lack of

proper construction and adequate workmans e,
“&W%&%ﬁﬁ’

Witness: A personal, on-the-scene observatloﬁgof a.;fierféﬁ%nce assurance activity with the
purpose of verifying compliance with project r&gffrements (see Monitor).
i)

$"

%‘ __________
*f"&w "5?
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